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TRANSLATOR'S PREFACE. 



I CAN not more appropriately introduce the Cosmos than 
by presenting a brief sketch of the life of its illustrious au« 
thor.* While the name of Alexander von Humboldt is fa^ 
miliar to every one, few, perhaps, are aware of the peculiar 
circumstances of his scientific career and of the extent of his 
labors in iilmost every department of physical knowledge. Ho 
was bom on the 14th of September, 1769, and is, therefore, 
now in his 80th year. AAer going through the. ordinary 
course of education at Gdttuigcn, and having made a rapid.^ 
tour through Holland, England, and France, he became a pu- 
pil of Werner at the mining school of Freyburg, and in his 
21st year published an " Essay on the Basalts of the Rhine." 
Though he soon became officially connected with the mining 
corps, he was enabled to continue his excursions in foreign 
countries, for, during the six or seven years succeeding the 
publication of his first essay, ho seems to liavo visited Austria, 
Switzerland, Italy, and France. His attention to mining did 
not, however, prevent him from devoting his attention to oth- 
er scientific pursuits, among which botany and the then re* 
cent discovery of galvanism may be especially noticed. Bot- 
any, indeed, wo know from his own authority, occupiod him 
almost exclusively for some years ; but even at this time ha 
was practicing the use of those astronomical and physical in- 
struments whicli he afterward turned to so singularly oxoel* 
lent an account. 

The poUtical disturbances of the civilized world at the dote 

* For the following remiirks I %m mninl j indebted to the articles on 
ibm Ooemoe in the two lemdtug Qa«rt«rly ReTiewt. 
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of the last contury prevented our author from carrying out 
various plans of foreign travel v/hich he had contemplated, 
and detained him an unwilling prisoner in Europe. In the 
year 1799 he went to Spain, with the hope of entering Africa 
from Cadiz, but the unox[)Cctcd patronage which ho received 
ut the court of Madrid led to a great alteration in his plans, 
and decided him to proceed directly to the Spanish posses- 
sions in America, " and there gratify the longings for foreign 
adventure, and the scenery of the tropics, which had haunted 
him from boyhood, hut had all along been turned in the dia- 
metrically opposite direction of Asia." After encountering 
various risks of capture, he succeeded in reaching America, 
and from 1799 to 1804 prosecuted there extensive researches 
in the physical geography of the New World, which have in- 
delibly stamped his name in the undying records of science. 

Excepting an excursion to Naples with Gay-Lussac and 
Von Buch in 1805 (the year after his return from America), 
the succeeding twenty years of his life were spent in Paris, and 
were almost exclusively employed in editing the results of his 
American journey. In order to bring these results before the 
world in a manner worthy of their importance, ho commenced 
a series of gigantic publications in almo3t every branch of 
science on which he had instituted observations. In 1817, 
after twelve yeara of incessant toil, four fifths wero completed, 
and an ordinary copy of the part then in print cost considera- 
bly more than one hundred pounds sterling. Since that time 
the publication has gone on more slowly, and even now, afler 
the lapse of nearly half a century, it remains, and probably 
ever will remain, incomplete. 

In the year 1828, when the greatest portion of his literary 
labor had been accomplished, he undertook a soientifio journey 
to Siberia, under the special protection of the Russian govern- 
ment. In this journey — a journey for which he had prepared 
himself by a course of study unparalleled in the history of 
travel — ^he was accompanied by two companions hardly less 
distinguished than himself, Ehrenberg and Gustav Rose, and 



TRANBLATOR'8 PRBPAOB. V 

The resoltfl obtained during their expedition are recorded by 
our author in hiB Fragments Asiatiques^ and in his Asie 
Centrale, and by Rose in his Reise nach dem OurcU. If the 
Asie Centrale had been his only work, constituting, as it 
does, an epitome of all the knowledge acquired by himself and 
by former travelers on the physical geography of Northern 
and Central Asia, that work alone would have sufficed to 
form a reputation of the highest order. 

I proceed to ofler a few remarks on the work of which I 
now present a new translation to the English pubUc, a work 
intended by its author " to embrace a summary of physical 
knowledge, as connected with a delineation of the material 
universe." 

The idea of such a physical description of the universe had, 
it appears, been present to his mind from a very early epoch. 
It was a work which ha felt he must accomplish, and ho de- 
voted almost a lifetime to the accumulation of materials for 
it. For almost half a century it had occupied his thoughts ; 
and at length, in the evening of life, he felt himself rich 
enough in the accumulation of thought, travel, reading, and 
experimental research, to reduce into form and reality the 
undefined vision that has so long floated before him. The 
work, when completed, will form three volumes. The first 
volume comprises a sketch of all that is at present known of 
the physical phenomena of the universe ; the second compre- 
hends two distinct parts, the first of which treats of the in- 
citements to the study of nature, aflbrded in descriptive poet- 
ry, landscape painting, and the cultivation of exotic plants; 
while the second and larger part enters into the consideration 
of the diflbrent epochs in the progress of discovery and of the 
corresponding stages of advance in human civilization. The 
third volume, the publication of which, as M. Humboldt him- 
self informs me in a letter addressed to my learned friend and 
publisher, Mr. U. G. Bohn, " has been somewhat delayed, 
owing to the present state of public afiairs, will comprise the 
special and scientific development of the great Picture of Na> 
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ture." Each of the three parts of the Cosmos is therefore, to 
a certain extent, distinct in its object, and may be considered 
complete in itself We can not better terminate this brief 
notice than in the words of one of the most eminent philos 
ophers of our own country, that, " should the conclusion cor- 
respond (as we doubt not) with these beginnings, a work wiO 
have been accomplished every way worthy of the author's 
fame, and a crowning laurel added to that wreath with which 
Europe will always delight to surround the name of Alexan 
der von Humboldt." 

In venturing to appear before the English public as the in- 
terpreter of " the great work of our age^*** I have been en- 
couraged by the assistance of many kind literary and scicntiRo 
friends, and I gladly avail myself of this opportunity of ex< 
pressing my deep obligations to Mr. Brooke, Dr. Day, Pro 
fcssor Edward Forbes, Mr. Hind, Mr. Glaishcr, Dr. Percy, and 
Mr. Ronalds, for the valuable aid they have afibrded me. 

It would be scarcely right to conclude these remarks with- 
out a reference to the translations that have preceded mine. 
The translation executed by Mrs. Sabine is singularly accu- 
rate and elegant. The other translation is remarkable for 
the opposite qualities, and may therefore be passed over in si- 
lence. The present volumes difler from those of Mrs. Sabine 
in having all the foreign measures converted into correspond- 
ing English terms, in being published at considerably less 
than one third of the price, and in being a translation of the 
entire work, for I have not conceived myself justified in omit- 
ting passages, sometimes amounting to pages, simply because 
they might bo deemed slightly obnoxious to our national prej« 
udices. 

* The exproMion applied to the Oosmot by the learned Bunsen, in 
his late Report on Ethnology, in ik€ Report of the British AuoHatiam 
for 1847, p. 265. 
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Im the late aTening of an active life I oiler to the German 
publio a work, whoee undefined image has floated before my 
mind for almost half a centurj. I have frequently looked 
upon its completion as impracticable, but as often as I have 
been disposed to relinquish the undertaking, I have again — 
although perhaps imprudently — ^resumed the task. This work 
I now present to my cotemporaries with a diffidence inspired 
by a just mistrust of my own powers, while I would willingly 
forget that writings long expected are usually received with 
less indulgence. 

Although the outward relations of life, and an irresistible 
impulse toward knowledge of various kinds, have led me to 
occupy myself for many years— and apparently exclusively— 
with separate branches of science, as, for instance, with de- 
scriptive botany, geognosy, chemistry, astronomical determin- 
ations of position, and terrestrial magnetism, in order that I 
might the better prepare myself for the extensive travels in 
which I was desirous of engaging, the actual object of my 
studies has nevertheless been of a higher character. The 
principal impulse by which I was directed was the earnest 
endeavor to comprehend the phenomena of physical objects in 
their general connection, and to represent nature as one great 
whole, moved and animated by internal forces. My inter 
eourse with highly-gifted men early led me to discover that, 
without an earnest striving to attain to a knowledge of special 
branches of study, all attempts to give a grand and general 
view of the universe would be nothing more than a vsin illu- 
sion. Those special departments in the great domain of nat- 
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oral Boienoe are, moreover, capable of being reciprocally fruc- 
tified by means of the appropriativo forces by which they are 
endowed. Descriptive botany, no longer confined to the nar- 
row circle of the determination of genera and species, leads 
the observer who traverses distant lands and lofly mountains 
to the study of the geographical distribution of plants over the 
earth's surface, according to distance from the equator and ver- 
tical elevation above the sea. It is further necessary to in- 
vestigate the laws which regulate the difi^erences of tempera- 
ture and climate, and the meteorological processes of the at- 
mosphere, before we can hope to explain the involved causes 
of vegetable distribution ; and it is thus that the observer who 
earnestly pursues the path of knowledge is led from one class 
of phenomena to another, by means of the mutual dependence 
and connection existing between them. 

I have enjoyed an advantage which few scientific traveler! 
have shared to an equal extent, viz., that of having seen not 
only littoral districts, such as are alone visited by the majority 
of those who take part in voyages of circumnavigation, but 
also those portions of the interior of two vast continents wK'ch 
present the most striking contrasts manifested in the Alpine 
tropical landscapes of South America, and the dreary wastes 
of the steppes in Northern Asia. Travels, undertaken in dis- 
tricts such as these, could not fail to encourage the natural 
tendency of my mind toward a generalization of views, and to 
encourage me to attempt, in a special work, to treat of the 
knowledge which we at present possess, regarding the sidereal 
and terrestrial phenomena of the Cosmos in their empirical 
relations. The hitherto undefined idea of a physical geog- 
raphy has thus, by an extended and perhaps too boldly imag- 
ined a plan, been comprehended under the idea of a physical 
description of the universe, embracing all created things in the 
regions of space and in the earth. 

The very abundance of the materials which are presented 
to the rhind for arrangement and definition, necessarily impart 
no inconsiderable difficulties in the choice of the form under 
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which such a work must be prosented, if it would aspire to 
the honor of being regarded at a literary ccmposition. Do- 
fioriptions of nature ought not to be deficient in a tone of life- 
like truthfulness, while the mere enumeration of a series of 
general results is productive of a no less wearying impression 
than the elaborate accumulation of the individual data of ob- 
servation. I scarcely venture to hope that I have succeeded 
in satisfying these various requirements of composition, or that 
I have myself avoided the shoals and breakers which I have 
known how to indicate to others. My faint hope of success 
rests upon the special indulgence which the German public 
have bestowed upon a small work bearing the title of Ansich' 
ten der Nature which I published soon after my return from 
Mexico. Thb work treats, under general points of view, of 
separate branches of physical geography (such as the forms of 
v^tation, grassy plains, and deserts). The eflbct produced 
by this small volume has doubtlessly been more powerfully 
manifested in the influence it has exorcised on the sensitive 
minds of the young, whose imaginative faculties are so strong- 
ly manifested, than by means of any thing which it could it- 
self impart. In the work on the Cosmos on which I am now 
engaged, I have endeavored to show, as in that entitled An^ 
ndUen der Natur, that a certain degree of scientific com* 
pleteness in the treatment of individual facts is not wholly 
incompatible with a picturesque animation of style. 

Since public lectures seemed to me to present an easy and 
eflicient means of testing the more or less successful tnaniMif 
of connecting together the detached branches of any one sci- 
ence, I undertook, for many months consecutively, first in the 
French language, at Paris, and afterward in my own native 
German, at Berlin (almost simultaneously at two difi^rent 
places of assembly), to deliver a course of lectures on the phys- 
ical description of the universe, according to my conception 
of the science. My lectures were given extemporaneously, 
both in French and German, and without the aid of written 
notes, nor have I, in any way, made use, in the present work. 
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ai those portions of my disoonzBes which have been preserred 
by the industry of certain attentive auditors. With the ex* 
ceptimi of tho first forty pages, the whole of the present work 
was written, for tho first time, in the yean 1843 and 1844. 

A character of unity, fireshness, and animation must, I 
think* be derived firom an association with some definite 
epoch, where tho object of the writer is to delineate the pres- 
ent condition of knowledge and opinions. Since the addi- 
tions constantly made to the latter give rise to fundamental 
changes in pre-existing views, my lectures and the Cosmos 
have nothing in common beyond the succession in which the 
various facts are treated. The first portion of my work con 
tains introductory considerations regarding the diversity in 
the degrees of enjoyment to be derived from nature, and the 
knowledge of tho laws by which the universe is governed ; it 
also considers the limitation and scientific mode of treating a 
physical description of the universe, and gives a general pic- 
ture of nature which contains a view of all the phenomena 
comprised in the Cosmos. 

This general picture of nature, which embraces within its 
wide scope the remotest nebulous spots, and the revolving 
double stars in tho regions of space, no less than tho telluric 
phenomona included under tho department of the geography 
of organic forms (such as plants, animals, and races of men), 
comprises all that I deem most specially important with re- 
gard to the connection existing between generalities and spe- 
cialities, while it moreover exemplifies, by the form and style 
of the composition, the mode of treatment pursued in the se- 
lection of the results obtained from experimental knowledge. 
The two succeeding volumes will contain a consideration of 
the particular means of incitement toward the study of na- 
ture (consisting in animated delineations, landscape painting, 
and the arrangement and cultivation of exotic vegetable 
forms), of the history of the contemplation of the universe, or 
the gradual development of the reciprocal action of natural 
forces constituting one natural whole ; and, lastly, of the spe- 
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eial branchee of the Beveral departments of icieiict, idioaa 
mutual comiection is indicated in the beginning of the work. 
Whereyer it has been possible to do so, I have adduced the au- 
thorities fh)m whence I derived my facts, with a view of afibrd- 
ing testimony both to the accuracy of my statements and to the 
value of the observations to which reference was made. In 
those instances where I have quoted from my own writings 
(the facts contained in which being, from their very nature, scat- 
tered through different portions of my works), I have always 
referred to the original editions, owing to the importance of 
accuracy with regard to numerical relations, and to my own 
distrust of the care and correctness of translators. In the few 
cases where I have extracted short passages from the works 
of my friends, I have indicated them by marks of quotation ; 
and, in imitation of the practice of the ancients, I have inva- 
riably preferred the repetition of the same words to any arbi- 
trary substitution of my own paraphrases. The much-con- 
tested question of priority of claim to a first discovery, which 
it is so dangerous to treat of in a work of this uncontroversial 
kind, has rarely been touched upon. Where I have occasion- 
ally referred to classical antiquity, and to that happy period 
of transition which has rendered the sixteenth and seventeenth 
centuries so celebrated, owing to the great geographical di^ 
coverics by which the age was characterized, I have boon sim- 
ply led to adopt this mode of treatment, from the desire we 
experience from time to time, when considering the general 
Tievrs of nature, to escape from the circle of more strictly dog- 
matical modem opinions, and enter the free and fanciful do 
main of earlier presentiments. 

It has frequently been regarded as a subject of discouraging 
eonsideration, that while purely literary products of intellect 
ual activity are rooted in the depths of feeling, and interwoven 
with the creative force of imagination, all works treating of 
empirical knowledge, and of the connection of natural phe- 
nomena and physical laws, are subject to the most marked 
modifications of form in the la^ise of short periods of time, both 



xii author's prbfaoe. 

by the improvomont in tlio instrumonto used, and by the con- 
Bequent expansion of tho field of view opened to rational ob 
servation, and that those scicntifio works which have, to use 
a oommon expression, become atUiquated by the acquisition 
of new funds of knowledge, are thus continually being con- 
signed to oblivion as unreadable. However discouraging such 
a prospect must be, no one who is animated by a genuine love 
of nature, and by a sense of the dignity attached to its study, 
can view with regret any thing which promises future addi- 
tions and a greater degree of perfection to general knowledge. 
Many important branches of knowledge have been based upon 
a solid foundation which will not easily be shaken, both as re- 
gards the phenomena in the regions of space and on the earth ; 
while there are other portions of science in which general 
views will undoubtedly take the place of merely special; 
where new forces will be discovered and new substances will 
be made known, and whore those which are now considered 
as simple will be decomposed. I would, therefore, venture to 
hope that an attempt to delineate nature in all its vivid ani- 
mation and exalted grandeur, and to trace the stable amid the 
vacillating, ever-recurring alternation of physical metamorph- 
oses, will not be wholly disregarded even at a future age. 
FoUdum, No9,, 1844. 
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Vol. I. 

OllflRAL 8UMMABT OP THE COJfTlNTf. 

BUrodnetion.'—R^fleetioiu on the deferent Degrea of Enjofment pre* 
temied to U9 hy ike Aepeet of Nature and the eeieniijie ExpoHtum of 
ike Lowe of ike Unimeree •Page 23-78 

Insight into the connection of phenomena as the aim of all natural 
hiTottigation. Nature preaents itself to meditative contemplation as a 
anity in diversity. Differences in the grades of ci\joymont yielded by 
nature. KfToct of contact with free natnro ; ot^oyment derived from 
nature independently of a knowledge of the action of natural forces, or 
of the effect produced by the individual character of a locality. Effect 
of the physiognomy and conffguration of the surfnce, or of the character 
of vegetation. Reminiscences of the woody valleys of the Oonlilleras 
and of the Peak of Teneriffe. Advantages of the mountainous region 
near the equator, where the multiplicity of natural impressions attains 
its maximum within the most circumscribed limits, and where it is 
permitted to man simultaneously to behold ail the stars of the firma- 
ment and all the forms of vegetation — p. 23-33. 

Tendency toward the investigation of the causes of physical phenom 
•na. Erroneous views of the clioraotor of natural forces arising from 
an imporfoct niodo of obsorvatiou or of induoUou. The crude acoa 
mulation of physical dogmas transmitted irom one century to another. 
Their diffusion among the higher classes. Sciontifio physics are asso- 
ciated with another and a doop-rootod system of uiitrio<l and misiindor 
stood oxporimciitnl iMisitiuns. Invostigatitm of natuntl laws. Appro 
bension that nature may lose a portion of its secret charm by an iuciuiry 
into the internal character of its forces, and that the ei\jo^ment oi na 
tore must necessarily be weakened by a study of its domam. Advant 
ages of general views which imp^u^t an exalted and solemn character 
to natural science. The possibility of separating generalities from 
specialities. Examples drawn from astronomy, recent optical discov 
eries, physical geognosy, and the goocraphy of plants. Practicabil 
ity of the study of physical cosmograpny — p. 33-54. Misunderstood 
popular knowledge, confounding cosmography with a more encyclope- 
dio enumeration of natural sciences. Necessity for a simultaneous re- 
gard for all branches of natural science. lumience of this study on 
national prosperity and the welfare of nations ; its more earnest and 
characteristic aim b an inner one, arisins from exalted mental activity. 
Mode of treatment with regard to the object and presentation ; recip- 
rocal connection existing between thought and speech — p. 54-^ 

The notes to p. 28-33. Comparative nvpsometrical data of the eleva- 
tions of the Dhawalagiri, Jawaoir, Chimoorazo, Atna (according to the 
■ ea sn rament of Sir John Herscbel), the Swiss Alps, dec. — p. 28. Rarity 
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of paloiB and fonu iii tlio Himalaya Mouutaiiia — p. 29. Earopean 
etaule forms in Uie Indian Mountains — p. 30. Northern and southern 
limits of ner[)etual snow on the Himalaya; influence of the elevated 
plateau or Thibet — p. 30-33. Fishes of an earlier world — p. 46. 

Limitt and Method of Exposition of the Phyrical Description of the 
Universe Page 56-78 

Subjects embraced by tho study of the Cosmos or of physical cosmog 
rophy. Su^mrutiou of cttliur kindred studios — p. 50-62. The uiunu- 
lugtual iMjrtiou of tho Cosmos is more simole than the telluric ; the im- 
possibility of ascertaining the diversity ot matter simplifies the study 
of the mechanism of the heavens. Origin of the word CosmoSt its sig- 
nification of adornment and order of the universe. The existing can 
not be absolutely separated in our contemplation of nature from the 
future* History of the world and description of the world^p. 62-73. 
Attempts to, em brace the multiplicity of the phenomena of the Cos- 
mos in the unity of thought and under the form of a purely rational 
combination. Natural philosophy, which preceded all exact observa- 
tion in antiouity, is a natural, out not unfrequently ill-directed, eflbrt 
of reason. Two forms of abstraction rule the whole mass of knowl- 
edge, viz.: the quantitative, relative determinations according to num- 
ber and maffuitude, and qualitative^ material characters. Means of 
submitting plienomena to calculation. Atoms, mechanical methods of 
construction. Figurative representations ; mythical conception of im- 
ponderable mutters, and the {Ksculiar vital lurcus in every organism. 
That which is attained by observation and experiment (callhig forth 
phenomena) leads, by analogy and induction, to a knowledge of empir- 
ical laws; their groaual simplification and generaUzation. Arrange 
ment of the facts discovered in accordance with leading ideas. The 
treasure of empirical contemplation, collected through ages, is in no dan 
ger of experiencing any hostile agency from philosophy — p. 73-78. 

[In the notes appended to p. 66-70 are considerations of the {general 
and comparative geography of Varenius. Philological investigation 
into tho meaning oT the words Koafioc and mundus."} 

Delineation of Nature. General Review of Natural Phenomena 

p. 79-359 

Introduction — p. 79-83. A descriptive delineation of the world 
embraces the whole universe (rd ndv) in the celestial and terrestrial 

apheres. Form and course of the representation. It begins with the 
epths of space, of which we know little beyond the existence of 
laws of mvitation, and with the region of the remotest nebulous spots 
and double stars, and then, gradually descending through the starry 
'stratum to which our solar system belongs, it contemplates this terres- 
trial spheroid, surrounded by air and water, and, finally, proceeds to 
the consideration of the form of our planet, its lemporature and mag- 
netic tonsitm, and the fullness of organic vitality which is unfolded on 
its surface under the action of lieht. Partial insight into the relative 
dependence existing among all phenomena. Amid all the mobile and 
unstable elements in space, mean numerical values are the ultimate aim 
of investigation, being the expression of the physical laws, or forces of 
the Cosmos. The delineation of the universe does not begin with the 
earth, from which a merely subiective point of view might have led us 
to start, but rather with the objects comprised in the regions of space. 
Distribution of matter, which is partially conglomerated into rotatini( 
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•nd circling heavcDly bodiot of Tery diflbrent density and magijtade, 
and (tartly acnttorod at lolMuminouB va()or. Bcviow of tlio toiMrmta 
portions of the picturo of nature, for ibe parpote of explaining tbe r»* 
ciprocal connection of all pbenomena. 

I. Celetiial Porium of tk€ Cotmat Page 83-154 

U. Ttrr—trial Portum ofikt Co$mot I p. 154-359 

a. Form of the earth, its mean density, quantity of heat, electro-mag- 
netic actiYity, process of light — p. 154-S03. 

h. Vital aotivffy of tho earth toward its external surface. Boaotion 
of the interior of a planet on its crest and surface. Subterranean noise 
without waves of concussion. Barthquakes dynamic phenomena^ 
p. 302-317. 

e. Material products which frequently accompany earthquakes. Gas- 
eous and aqueous sjprbgs. Salses ana mud volcanoes Upheavals of 
the soil by elastic forces— p. 217-228. 

d. Fire-emitting mountains. Oniters of elevation. Distribution of 
volcanoes on tho earth — p. 228-247. 

e. Vulcanic forces form now kinds of rook, and motaroorphoso those 
already existing. GeognosUcal classification of rocks into four groiipa. 
Pheuomona of contact Fossiliferous strata ; their vortical arraiigomont 
Tlio faunas and fk>ras of an earlier world. Distribution of masses of 
rock— p. 247-384. 

/. Geoffnostical epoclis, which aro indicated bjr tlio minoralogical dif- 
ference of rocks, have determined the distribution of solids and fluida 
into continents and seas. ^ Individual confiffuration of solids into hori- 
Bontal expansion and vertical elevation, ttelations of area. Articula- 
tion. Probability of the continued elevation of the earth's crust in 
ridges— p. 384-301. 

g. Liquid aud aOriform envelopes of the solid surface of our planet. 
Distribution nf hoat in both. The sea. Tho tides. Ounrents and their 
eflects — p. 301-311. 

A. The atmosphere.^ Its chemical composition. Fluctuations in ita 
density. Law ol the direction of the winds. Mean temperature. Enu- 
meration of tho causes which tend to raise and lower the temperaUire. 
Continental and insular climates. East and west coasts. Cause of the 
curvature of the isothermal lines. Limits of perpetual snow. Quantity 
of vapor. Electricity in the atmosphere. Forms of the clouds— p. 
311-339. 

t. Separation of inorganic torrostrial life from tlie geompliy of vital 
organisms ; tlie geograi>by of vegetables and animals. Physical grad»> 
tions of the homan race— p. 339-359. 

8p9tial An^fdi of tko Doliiuaiitm of Nature, imeluding Rtforine$s to <JU 

SubjocU treaiodof im the Noiti. 

L CoUtHal Portionoftko Cotmoa p. 83-154 

The universo aiwl all tliat it comprisos^miiUiform nebulous spots, 
planetary vniwr, and nobulo«is start. The f>ictiirosnue clmnu of a 
southern sky— note, p. 85. Ooi\|cctures on the position in space of 
the world. Our stellar masses. A cosmical island. Gauging stars. 
Doable stars revolving round a common center. Distance of the star 61 
Cygni— p. 88 and note. Our solar system more complicated than was 
eoi^jectored at the close of the last century. Primary planets with Nep- 
tane, Astrea^ Hebe, Iris, and Flora, now constitute 16 ; secondary plan- 
•CalSs nynads of coiBets of which many of the inner onea U9 kkvmni 
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in the orbits of tlie planets ; a rotating ring (the zodiacal light) and me> 
teoric stones, probably to be regarded as small cosmical bodies. The 
telescopic planets, Vesta, Juno, Ceres, Pallas, Astrea, Hebe, Iris, and 
Flom, willi tljoir fruciuenlly intersecting, strongly inclined, and more 
eccentric orbits, constitute a central group of separation between the 
inner planetary ^roup (Mercury, Venus, the Earth, and Mors) and the 
outor group (Jupiter, Saturn, Uranus, and Neptune). Oontrasts of these 
plunelury ifro>ip<** llclatious of distance from one central body. Dif- 
iuroncos ol ubsidiito niiignitudo, density, period of revolution, occentrio- 
ity, and inclination of the orbits. Tlio so-called law of the distances of 
the planuts from their central sun. The planets which have the larcest 
imnibor of nioons-~p. OG and note. Ueiations in space, both absolute 
and relative, of lliu soc(Hidai*Y planets. Largest and smallest of the 
moons. Grcutoitt appi'oxiination to a ni'iin;n'y ulanot. Uetrogresaive 
movement of the moons of Uranus. Libruiion ol iho Karth's satellite— 
p. 98 and note. Comets; tlio nucleus and tiiil; various forms and di- 
rections of the emanations in conoidal envelo[)es, with more or less 
dense walls. Several tails inclined toward the sun ; change of form of 
the tail ; iu conjectured rotation. Nature of li^ht. Occnltations of the 
fixed stars by tlie nuclei of comets. Eccentricity of their orbits and 
periods of revolution. Greatest distance and greatest approximation 
of comets. i*assage through the system of Jupiter's satellites. Comets 
of short periods of revolution, more correctly termed inner comets 
(Encke, Uielu, FayeV— p. 107 and note. Uevolving aOroUtes (meteorio 
stones, fire-balls, fulling stars). Their planetary velocity, magnitude, 
form, observed height. Periodic return in streams; the November 
stream and the stream of St. Lawrence. Chemical composition of me> 
teoric asteroids — p. 130 and notes. Ring of zodiacal light. Limita- 
tion of the present solar atmosphere — p. 141 and note. Translatory 
motion of the whole solar system — p. 145-149 and note. The exist- 
ence of the law of gravitation beyond our solar system. The milky 
way of stars and its conjectured breaking up. Milky way of nebulous 
spots, at right angles with that of the stars. Periods of revolutions of 
bi-colorcd double stars. Canopy of stars; openings in the stellar stra- 
tum. Events in tlio universe ; tlie apfNirition of now stars. Propaga- 
tion of light, thu iis(>oct of the starry vault of tlio heavens convoys to tuo 
mind an idea of ineciualily of time — p. 149-154 and notes. 

II. Terretirial Portion of the Cosmos Page 154-359 

a. Figure of the oartli. Density, quantity of heat, electro-magnetic 
tension, and terrestrial light — p. 154-202 and note. Knowlodgo of 
the coiiiprussion and curvature of the oarth's surface acquired by iiious- 
uremeiits of degrees, pentliiluin oscillations, and certain inequalities in 
the moon's orbit. Mean density of the earth. The eartli's crust, and 
the depth to which we are able to penetrate — p. 159, 160, note. Three- 
fold movement of the heat of the earth ; its thermic condition. Law 
of the increase of heat with the increase of depth — p. 160, 161 and note. 
Magnetism electricity in motion. Periodical variation of terrestrial 
magnetism. Disturbance of the regular course of the magnetic needle. 
Magnetic stoics; extension of their action. Manifestations of magnet- 
ic force on the earth's surface presented under three classes of phe« 
nomena, namely, lines of equal force (isodynamic), equal inclination 
(isoclinic), and equal deviation (isogenic). Position of the magnetic 
pole. Its probable connection with the poles of cold. Change of all 
the magnetic phenomena of the earth. Erection of magnetic observiv 
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foriet sinco 1828 ; a far-extonding net-work of roagnetio statkmt— p. 
190 and note. Development of light at (he mognetic poles; terreatnal 
liffht at a coutoqaeiice of the electixvroagnetic activity of our planet. 
ETevatiou of poUr light. Whether magnetic etorma are accompanied 
by uoiae. Connection of polar light (an electro-magnetic development 
of light) with the formation of cirrus clouda. OUier examples of the 
generation of terrestrial light— >p. 202 and note. 

b. The vital activity of a planet manifested from within outward, the 
priuci|ml aoiirco of goognostic phenomena. Connection between mere- 
ly dynamic coiiciiNsioiiit or tho n|>honval of whole iHirtions of the earth's 
cruat, accomimnicd by tho ofluHion of matter, and tho gonoration of 
pisoMUS and liquid Huids, of hot mud and fused earths, which solidify 
into rocks. Volcanic action, in tho most gonorul auiceptiou of tlio idea, 
is tlie reaction of tho interior of a pinnot on its outer suifaco. Earth* 
quakes. Extent of tho circles of commotion and tlioir gradual incroasA 
whether there exists any connection between the changes in terror 
trial magnetism and the processes of tlie atmosphere. Noises, subter- 
raueoA tiiuudor without any perceptible concnssion. Tho rocks whic^ 
iiHNlify till? pnipngution of tlin waves of concussion. Upheavals; enip- 
ti«»ii of wntor, hot sti*nm, mud niofettos, smuko, and flamo during an 
onrtliquako— p. 202-218 aud notes. 

e. Closer consideration of material products as a consoquonco of 
internal planetary activity. There rise from tlie depths of tlio eartli, 
Uirouch nssures and cones of eruption, various gases, liquid fluids (pare 
or acidulated), mud, and molten earths. Volcanoes are a species of 
intermittent spring. Temperature of thermal springs; their constancy 
and change. Depth of the foci — p. 219-224 and notes. Salses, mnd 
volcanoes. While fire-emitting mountains, being sources of molten 
earths, produce volcanic rocks, spring water forms, by precipitation; 
strata or limestone. Continued generation of sedimentary rocks— p 
228 ond note. 

d, Divenity of volcanic elevations. Dome-like closed traohytto 
mountains. Actual volcanoes which are formed from craten of eleva- 
tion or among the detritus of their original structure. Permanent con- 
nection of the intf^rior of onr earth witli tho atmosphere. Relation to 
certain rocks. Influence of tlie relations of height on the fre<|uency of 
the eruptions. Height of the cone of cindera. Characteristics of those 
volcanoes which rise above tlie snow-line. Columns of ashes and fire. 
Volcanic storm during the cniption. Mineral composition of lavai^— 
p. 236 and notes. Distribution of volcanoes on the earth's surfiice; 
central and linear volcniioos ; insular and littoral volcanoes. Distance 
of volcanoes from tho sea-coast. Extinction of volcanic forccs^p. 240 
and notos. 

e Relation of volcanoes to the clioracter of rocks. Volconio forces 
form new rocks, and metamorphose tho more ancient ones. The stody 
of these relations leads, by a double course, to the mineral portion of 
geognosy (tho study of tho toxturos and of the position of the earth's 
strata), and to tlie confiffuratifin of continents and iiisulnr gniups elo- 
vated above the level of the sea (the studv of tho g«*ographical form 
and outlines of the difl'erent parts ol the earth). Classification of rocks 
acoordinff to the scale of the phenomena of structure and metamorpho- 
sis, which are still passing befirre our eves. Rocks of eruption, sedii 
mentary rocks, changed (metamorphosed) rocks, conglomerates— com- 
poand rocks are definite associations of orycto^nostically simnle fossib 
Tlisre are four p h a s es in the formative condition : rocks ol emptaoiw 
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emlugonoos (graaiCo, Menile, {vnphjiy, grociulofie, lijpendieas, lod^ 
eu^ilioUde, iuela|>bjre, basalt, auil |ihiiu*iiitlie) ; «ediioeatarj rodkm (•> 
lunau acbut, cual measure*, liiuestoue, travertiuo, iufunMitl depoMt); 
motiUDorpbuttcd ruck, wbicb cuittaiitt aLo, togoUaer with iJie «wiritaB 
of tbe rocks of eni|>tioa aud ModiiDeulary rocu, the remaiua of gsekib 
mica acbiit, and moro ancieut metamorpbic miaira Agamata and 
MDiUtouo fbrmationa. Tbe pbeuomenoa of cootact ezpbuoeu bj iho 
artificial iinilaliiMi of miooraU. ilffccU of fireaturu and tho Yarioua i»> 
pidity of cooling. Origin of gruiular or KMxbaroidal marble, ailicifiq^ 
tion of icbist into ribuou ja»per. MetomorpboaM of calcareous marl 
into micacaoos schist through granite. Coorersioa of dokmiila and 
granite into argillaceoas schist, by contact with basaltic and doleritie 
rocks. Filliug up of the reins from below. Processes of oementatioQ 
iu agglomerate structures. Friction couglomcrmte*— p. 2C9 and note. 
Relative age of rucks, cbronomotrj of the earth's cnuL FoeiHifctroas 
strata. Relative ago of orgauisms. Simplicitj uf the first rital forms. 
Dependence of pbysiologiod gradatious ou the age of the formations. 
Geogoostic horizon, whose careful iu*'estigatiou may yield certain data 
regarding tbe identity or tbe relative age of formations, the periodio 
recurrence of certain strata, their parallelism, or tlioir total suppression. 
Typos of tlio soilimeiitary slmctures considered iu thoir most simple 
Slid general cbAractors; silurian and devonian formations (formeriy 
known as rocks of transitiou); tbe lower trias (mountain linaestoae, 
coal measures, together willi ioillicgttide aud zccbstuin^; tho npiier 
trius (ImulorsoiMlstoiio, miuchclkalk, aud kcuper) ; Jura liniestoue (lias 
and oolite} ; frocstoue, lower and uppor chalk, us tbo but of the fUMz 
strata, wbicb begin with mountain limcstoue; tertiary formations in 
tbree divisions, wbicb are designated by granular limestone, lignite, 
and south Apenuine gravel — p. 2G9-278. 

Tbe faunas and Bonis of an earlier world, and their relations to exist- 
ing organisms. Colossal bones of antediluvian mammalia in the upper 
alluvium. Vegetation of an eariier world ; monuraeuts of the history 
of its vegetation. The points at wbicb certain vegetable groups attain 
their maximum ; cycadec in the keuper and lias, and couiferse in tbe 
biiiiter sandstone. Lignite and coal measures (amber-tree). Deposition 
of largo masses of rock ; doubts regurdiug tlioir origiu — p. 285 and noto 

/. Tbo kiiowlodgo of googuostic epochs— of the upboaval uf inouui- 
aiu chains and elevated plateaux, by which lands aro both formed aud 
destroyed, leads, br an internal causal connection, to tbe distribution 
into solids and 6uius, and to the peculiarities in the natural configura- 
tion of tbe earth's surfiice. Existing ureal relations of the solid to the 
fluid difTur coiisiilorably from those presented by the inu|>s of the phys- 
ical [N»rtioii of a iiHiro uiiciout t'oography. Iin[M>rtiuico of tlio uniptiou 
of quarUeoso iK>rpliyry with ruluruuco to tho ihou existing conngunition 
of coiitiiiuiital iJiiuisos. Iiidiviihiul ooii fori nation iu horixoiital uxtoii- 
sion (rulutious of urticiiliitiou} uiid in vortical uluvatioii (hyiMoiuotrical 
views). lufluutico of tho rulations of tho arou of land aud sea on the 
temporaturo, direction of tho winils, abundanco or scarcity of organic 
products, aud on all meteorological processes collectively. Direction 
of the major axes of continental masses. Articulation and pyramidal 
lerminatiou toward the south. Series of peninsulas. Valley-like form- 
ation uf tho Atlantic Ocean. Forms which frequently recur — p. 285- 
393 aud notes. Ramifications and systems of mountain chains, and the 
means of dolermiuiiig their relative ages. Attempts to dulermine the 
stealer of gravity of too Yolume of the lands upheaved above tbe leYel 
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of the MA. Tho eloTation of continents u ttQl progrettin^ ilowljr, Mid 
it being compensated for at some definite points by a iwrceptible sibk* 
ing. All geognostic phenomena indicate n poriodical alternation of 
aetiTity in the interior of oar planet Probabdity of new eleTations of 
ridges — p. 203-301 and notes. 

f . The solid surface of the earth has two envelopes, one liquid, aad 
the other aeriform. Oontmsts and analogies which these envelopes 



tlio soa and the ntmosnhero— prrsout in their conditions of nggrcgi^ 
tioii simI clfx:tri(rity, nii<l in (hnir rolntions of corronls and tf¥m|K>raturo. 
|>r|Hhii of iho (locaii and of tho ntnMispliore, tlie shinls of which pousU 
tuto our hi^hiaiids and nicmiitain chains. Tlio degree of boat at tlio 
snrfiico of the soa in difleroiit huitudes and in tlie lower strata. Tend- 
ency of tho sea to maintain the temperature of the surface in the strata 
nearest U) the atmosphere, in conMMiuonco of Uio mobility of its |iarti- 
cles and tiie alteration in its density. Maximum of tlie density of salt 
water. Position of the zones of the hottest water, and of those having 
the greatest sal hie contents. Thermic influence of the lower pohu' cmv 
rent and tho counter currents in the straits of the sra — n. 302-304 and 
notrt. (lOiiRnU level of tho soa, and |ionnanont local aistnrbances of 
equilibrium ; tho periiKlic disturbanoos manifoslod as tides. Oceanic 
currents: tlie equatorial or rotation current, the Atlantic warm Gulf 
Stream, and the further impulse which it receives ; tlie cold Peniviao 
stream in the eastern portion of tlie Pacific Ocean of tho southern tone. 
Temperature of shoals. The universal diffusion of life in the ocean. 
Influence of the small submarine sylvan region at tbe bottom of beds 
of rooted alga}, or on (ar-extending floating hyers of fucos— p. 303-311 
and notes. 

k. The gaseous envelope of our planet, the atmosphere. Chemical 
composition of the atmosphere, its transparency, its polarization, pres 
sure, temperature, humidity, and electric tension. Relation of oxygen 
to nitnigrn ; amoiiiit of carbonic acid ; carbureted hydrogen t ainmo- 
niacal vafiors. Miasniala. Etegular (horary) cbansos in tlie nrossuro 
of the ntmospbere. Mean barometrical heieht at Uie level ol the sea 
in diflercnt zones of the earth. Isobarometncal curves. Barometrical 
wiiidiosos. Law of rotati<m of the windM, and its irafiortanco with ref- 
erence to the knowledge of many meteorologtcnl processes. Land and 
sea winds, trade winds and monsoons— -p. 311-317. Climatic diatribo- 
tion of heat in the atmosphere, as the ettbct of the relative position of 
transparent and opaque masses (fluid and solid superficial area!, and 
of the hypsometrical configuration of continents. Curvature of tne iso- 
thermal lines in a horizontal and vertical direction, on the earth's sur- 
face and in the sunerimposed strata of air. Convexity and eoncavitr 
of the isothermal lines. Mean beat of the year, seasons, months, and 
days. Enumeration of the causes which produce distnrbances in tbe 
form of the isothermal lines, i. e., their deviation from the position of the 
gsographical parallels. Isochimenal and isotheral lines are the lines of 
eqiuil winter and summer heat. Causes which raise or lower the lem- 
peratore. Radiation of the earth's surface, according to its indinationt 
color, density, dryness, and chemical composition. The form of the 
clood which announces what is passinc in the upper strata of the atmosi 
phere is the imsge of 4he strongly ratuating ground projected on a bet 
■nramer sky. Contrast between an insular or littorsl climate, such as 
is experienced by all deeply-artiodaled continents, and the climate of 
the interior of large tracts of land. East and west coasts. Diflerence 
between tbe soaUieni and northora bemi^iherea. TbenDal tceke ct 
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cultivatod plnnta, going down from tbo vanilla, cocoa, and muiacoiD, to 
citroue ancf olivoa, and to vines yielding potablo winos. The influence 
which tliose scales exorcise on the googranhical distribution of culti- 
vated plants. The fiivuruhle rtjiening and tlie immaturity of fruits are 
osBontiully innuuncod by tlio dilTuronco in the action of direct or scat- 
tered liglit in a clear sky or in one overcast with mist General sum- 
mary of the causes which yield a more genial climate to the greater 
Krtion of Europe considered as tlie western peninsula of Asia— p. 326. 
iterminatiou of the changes in the mean ouiiuul and summer temper* 
ature, which correspund to one degree of geographical latitude. Kqual* 
ity oftlio mean temperature of a muuutain station, and of the polar dis- 
tance of any i>oint lying at the level of the sea. Decrease of tempera- 
ture with the decrease m elevation. Limits of perpetual snow, ana the 
fluctuations in these limits. Causes of disturbance in the regularity of 
the phenomenon. Nortliem and southern chains of the Himalaya; hab- 
itability of the elevated plateaux of Thibet — p. 33 1. Quantity of moist- 
ure in the atmosphere, according to the hours of the day, the seasons of 
the year, degrees of latitude, and elevatiun. Greatest dryness of the 
atmosphere ^served in Northern Asia, between the river districts of 
the Irtysch and the Obi. Dew, a consequence of radiation. Quantity 
of rein — p. 335. Electricity of the atmosphere, and distm'banco of tlie 
electric tension. Geographical distribution of storms. Predetermina 
tion of atmospheric changes. The most important climatic disturbances 
can n(»t be tnicod, at the place of observation, to any local cause, but are 
rather the consotiuonco of some occurrence by wiiicli the c<piilibriuiu 
iu iho atm(u»|»heno currents has boon destroyed ut suino considerable 
distance— p. 335-339. 

t. Physical geography is not limited to elementary inorganic terres- 
trial life, but, elevated to a higher point of view, it embraces the sphere 
of orgiinic life, and the numerous gradations of its typical development. 
Animal and vegetable life. General diflusion of life in the sea and on 
the land ; microscopic vital forms discovered in the polar ice no less 
than in the depths of the ocean within the tropics. Extension iro|)artcd 
to the horizon of lifu bv Eliroulierij's discoveries. Kstimution f»f tho 
mass (vohuiio) of unimalaud vegetable orgnnisuis— ^p. 33!)-346. Geog- 
rapliy of plants and iiniuinls. M ignitions of orgiuiisnis in the ovum, or 
by means of organs capable of spoutnnoous motion. Spheres of distri- 
bution dui)onding on climatic relations. Regions of vcgolation, and 
classification of the genera of animals. Isolated and socialliving plants 
and animals. The character of floras and faunas is not detemuned so 
much by the predominance of separate families, in certain parallels of 
latitude, as by the highly complicated relations of the association of many 
families, and tlie relative numerical value of their species. The forma 
of natural families which increase or decrease from the equator to tho 
poles. Investigations into the numerical relation existing in difierent 
districts of the earth between each one of the large families to the 
whole mass of phauerogamia — p. 346-351. Tbo human race considered 
according to its physical gradations, and the geographical distribution 
of its simultaneously occurring types. Races and varieties. All races 
of men are forms of one single species. Unity of the human race. 
Languages considered as the intellectual creations of mankind, or at 
portions of the histoi^ of mental activity, manifest a character of nation- 
ality, although certain historical occurrences have been tlie means of 
dimising klioms of tho same family of languages among nations of wholU 
diflerent descent— pi 351-359. 
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REFLECTIONS OH THE DIPFRRENT DRGRER8 OF ENJOTHRNT PRE* 
8ENTED TO US BT THE ABPECT OF MATURE AMD THE STUDY OF HER 
LAWa 

In attempting, afler a long absence from my native coun- 
try, to develop the physical phenomena of the globe, and the 
simultaneous action of the forces that pervade the regions of 
space, I experience a two-fold cause of anxiety. The subject 
before me is so inexhaustible and so varied, that I fear either 
to fall into the superficiality of the encyclopedist, or to weary 
the mind of my reader by aphorisms consisting of more gonor* 
alities clothed in dry and dogmatical forms. Undue concise- 
ness often checks the flow of expression, while difliisonoss is 
alike detrimental to a clear and precise exposition of our ideas. 
Nature is a free domain, and the profound conceptions and 
enjoyments she awakens within us can only be vividly deline • 
ated by thought clothed in exalted forms of speech, worthy of 
bearing witness to the majesty and greatness of the creation. 

In considering the study of physical phenomena, not mere- 
ly in its bearings on the material wants of life, but in its gen- 
eral influence on the intellectual advancement of mankind, 
we find its noblest and most important result to be a knowl- 
edge of the chain of connection, by which all natural forces 
are linked together, and made mutually dependent upon each 
other ; and it is the perception of these relations that exalts 
our views and ennobles our enjoyments. Such a result can, 
however, only be reaped as the fruit of observation and intel- 
lect, combined with the spirit of the age, in which are reflect- 
ed all the varied phases of thought. He who can trace, 
through by-gone times, the stream of our knowledge to its 
primitive source, will learn from history how, for thousands 
of years, man has labored, amid the evcr-rccurring changes 
of form, to recognize the invariability of natural laws, and 
has thus, by the force of mind, graduaUv subdued a great por- 
tion of the physical world to his domimon. In interrogating 
the historv of the past, we trace the mysterious course of ideas 
yielding the flrst glimmering perception of the same imagit of 
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a Cosmos, or harmoniously ordered whole, which, dimly shad* 
owed forth to the human mind in the primitive ages of the' 
world, is now fully revealed to the maturer intellect of man 
kind as the result of long and laborious observation. 

Each of these epochs of the contemplation of the external 
world — the earliest dawn of tliought and the advanced stage 
of civilization — has its own source of enjoyment. In the 
former, this enjoyment, in accordance with the simplicity of 
the primitive ages, flowed from an intuitive feeling of the or 
der that was proclaimed by the invariable and successive re- 
appearance of the heavenly bodies, and by the progressive de- 
velopment of organized beings ; while in the latter, this sense 
of enjoyment springs from a definite knowledge of the phe- 
nomena of nature. When man began to interrogate nature, 
and, not content with observing, learned to evoke phenomena 
under definite conditions ; when once he sought to collect and 
record facts, in order that the fruit of his labors might aid in- 
vestigation after his own brief existence had passed away, the 
pliilosophy of Nature cast aside the vague and poetic garb 
in which die had been enveloped fram her origin, and, having 
assumed a severer aspect, she now weighs the value of ob- 
servations, and substitutes induction and reasoning for con- 
jecture and assumption. The dogmas of former ages survive 
now only in the superstitions of the people and the prejudices 
of the ignorant, or are perpetuated in a few systems, which, 
conscious of their weakness, shroud themselves in a vail of 
mystery. Wo may also trace the same primitive intuitions 
in languages exuberant in figurative expressions ; and a few 
of the best chosen symbols engendered by the happy inspira- 
tion of the earliest ages, having by degrees lost their vague- 
ness through a better mode of interpretation, are still preserved 
among our scientific terms. 

Nature considered rationaUy, that is to say, submitted to 
the process of thought, is a unity in diversity of phenomena ; 
a harmony, blending together all created things, however dis- 
similar in form and attributes ; one great whole (rd ndv) an- 
imated by the breath of life. The most important result of 
a rational inquiry into nature is, therefore, to establish the 
unity and harmony of this stupendous mass of force and mat- 
ter, to determine with impartial justice what is due to the 
discoveries of the past and to those of the present, and to an- 
alyze the individual parts of natural phenomena without suo- 
cumbing beneath the weight of the whole. Thus, and thus 
alone, is it permitted to man, while mindful of the high des* 
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tiny of hif race, to oomprehend nature, to lift the Tail that 
shroudfl her phenomena, and, as it were, suhniit the resnlti of 
ohacnration to the teet of reason and of intellect. 

In reflecting upon the diflerent degrees of enjoyment pre- 
sented to us in the contemplation of nature, we find that the 
first place must be assigned to a sensation, which is wholly 
independent of an intimate acquaintance with the physicid 
phenomena presented to our yiew, or of the peculiar character 
of the region surrounding us. In the uniform plain bounded 
only by a distant horizon, where the lowly heather, the cistus, 
or waving grasses, deck the soil ; on the ocean shore, where 
the waves, soflly rippling over the beach, leave a track, green 
with the weeds of the sea ; every where, the mind is penetntp 
ted by the same sense of the grandeur and vast expanse of 
nature, revealing to the soul, by a mysterious inspiration, the 
oxistonco of laws that regulate the forces of tho universe. 
Mere communion with nature, mere contact with the free air, 
exercise a soothing yet strengthening influence on the woaried 
spirit, calm tho storm of passion, and soften tho heart when 
shaken by sorrow to its inmost depths. Everv whore, in ev 
ery region of the globe, in every stage of intellectual culture, 
the same sources of enjoyment are alike vouchsafed to man. 
The earnest and solemn thoughts awakened by a communion 
with nature intuitively arise uom a presentiment of the order 
and harmony pervading the whole universe, and from tho 
oontrast we draw between the narrow limits of our own ex- 
istence and the image of infinity revealed on every side, wheth- 
er we look upward to the starry vault of heaven, scan the far- 
stretching plain before us, or seek to trace the dim horizon 
across the vast expanse of ocean. 

The contemplation of the individual characteristics of tho 
landscape, and of the conformation of the land in any definite 
region of the earth, gives rise to a diflerent source of ei^oy- 
ment, awakening impressions that are more vivid, better do- 
fined, and more congenial to certain phases of the mind, than 
those of which we have already spoken. At one time the 
heart is stirred by a sense of the grandeur of the face of na- 
ture, by the strife of the elements, or, as in Northern Asia, by 
the aspect of the dreary barrenness of the far-stretching steppes ; 
at another time, sofler emotions are excited by the contempla- 
tion of rich harvests wrested by the hand of man from the 
wild fertility of nature, or by the sight of human habitations 
raised beside some wild and foaming torrent. Here I regard 
l«s the degree of inloniity than the diflmnoo ezisting in tho 

Vol. I.— B 
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rariouB Bonsations that dorivo their charm and petmanenor 
from the peculiar character of the scone. 

If I might he allowed to ahandon myself to the recollections 
of my own distant travels, I would instance, among the most 
striking scenes of nature, the calm suhlimity of a tropical night, 
whea the stars, not sparkling, as in our northern skies, shed 
their soft and planetary light over the gently-heaving ocean ; 
>r I would recall the deep valleys of the Cordilleras, where 
-the tall and slender palms pierce the leafy vail around them, 
ind waving on high their feathery and arrow-like hranches, 
l:brm, as it were, ** a forest above a forest ;*** or I would de- 
icribe the summit of the Peak of TenerifFe, when a horizontal 
Jiyer of clouds, dazzling in whiteness, has separated the cone 
>f cinders from the plain below, and suddenly the ascending 
current pierces the cloudy vail, so that the eye of the traveler 
may range from the brink of the crater, along the vine-clad 
ilopos of Orotava, to the orange gardens and banana groves 
that skirt the shore. In scenes like these, it is not the peace- 
ful charm unifonnly spread over the face of nature that moves 
the heart, but rather the peculiar ))hysioguomy and confonna- 
tion of the land, the features of the landscape, the ever-vary- 
ing outline of the clouds, and their blending with the horizon 
of the sea, whether it lies spread before us like a smooth and 
shining mirror, or is dimly seen through the morning mist. 
All that the senses can but imperfectly comprehend, all that 
is most awful in such romantic scenes of nature, may become 
% source of enjoyment to man, by opening a wide field to the 
creative powers of his imagination. Impressions change with 
the varying movements of the mind, and we are led by a hap- 
py illusion to believe that we receive from the external world 
that with which we have ourselves invested it. 

When far from our native country, after a long voyage, we 
Tead for the first time the soil of a tropical land, we expe- 
rience a certain feeling of surprise and gratification in recog- 
nizing, in the rooks that surround us, the same inclined schis- 
tofo strata, and the same columnar basalt covered with cellu- 
lar amygdaloids, that wo had left in Europe, and whose iden- 
tity of character, in latitudes so widely different, reminds us 
that the solidification of the earth*s crust is altogether inde- 
pendent of climatic influences. But these rocky masses of 
•i^hist and of basalt are covered with vcigetation of a character 
with which we are unacquainted, and of a physiognomy wholly 

* '^h\» expreafioQ ii taken from a beautiful deBcrintion of tropical 
lonat •cenary in Paul and Virgimia, by Bemardia de Saint Pierre. 
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nnknown to us ; and it is then, amid tho colossal and majestis 
forms of an exotic flora, that wo fool how wonderfully the flex* 
ibility of our nature fits us to receive new impressions, linked 
together by a certain secret analogy. We so readily perceivi 
the affinity existing among all the forms of organic life, thai 
although tho sight of a vegetation similar to that of our nativ* 
country might at first bo most welcome to tho eye, as the sweel 
familiar sounds of our mother tongue aro to tho oar, wo noT* 
orlhclcss, by degrees, and almost imperceptibly, become famil 
iarizod with a new home and a now climate. As a true citi 
zen of the world, man every where habituates himself to tha^ 
which surrounds him ; yet fearful, as it were, of breaking tl 
links of association that bind him to the home of his childhood, 
the colonist appUes to some few plants in a far-distant clime tho 
names he had been familiar with in his native land ; and by 
the mysterious rclaliuiis existing among all types of organiza* 
tion, the forms of exotic vegetation present themselves to his 
mind as nobler and more perfect developments of those he had 
loved in earlier days. Thus do the spontaneous impressions 
of the untutored mind lead, like the laborious deductions of 
cultivated intellect, to the same intimate porsuasion, that one 
sole and indissoluble chain binds together all nature. 

It may seem a rash attempt to endeavor to separate, into 
its diObrent elements, tho magic power exorcised upon our 
minds by the physical world, sinco tho character of tho land- 
scape, and of every imposing scene in nature, depends so ma- 
terially upon the mutual relation of the ideas and sentiments 
simultaneously excited in tho mind of tho observer. 

The powerful eflcct exercised by nature springs, as it were, 
from the connection and unity of the impressions and emo- 
tions produced ; and we can only trace their diflerent sources 
by analyzing the individuality of objects and tlio diversity of 
forces. 

The richest and most varied elements for pursuing an anal- 
ysis of this nature present themselves to the eyes of tho trav- 
eler in the scenery of Southern Asia, in the Great Indian 
Archipelago, and more especially, too, in the New Continent, 
whero the summits of thd"]of\y Cordilleras penetrate the con- 
fines of the aerial ocean surrounding our gloue, and where the 
same subterranean forces that once raised these mountain 
chains still shake them to their foundation and threaten their 
downfall. 

Graphic delineations of nature, arranged according to sys* 
tMBAtio views, are not only soitod to please the imagination. 



ktt may ttko, when pny e dj eoondaed. indicate the gnds 
of iha impreaiioii* of wiuch I haTe y4fn, inxn tlw imilbnB- 
ity of tbe aea^Jiore, or the barren steppei of Sibeiia, to tke 
'mtfxluMMUUt ktulitj of the tonid zone. If we wen ewtm. to 
yiciuie to €miwdrtM Mount Pilatni placed on the Schieek- 
horn,* or the SchnedLoppe of Sikaa ca Mont Blauc, we dioiild 



* Thtm cmmfmtwomm are oolj approxuDalrre. The 
IImm diir/ir« tlM Irrel c^ tfae tea are, in aocarate ■amben» at (allo«»: 

Ike Hebeeeluippe or Eaeieakoppe, in 8ilrM, nbont SS70 feel, •&• 
tii9¥*Uu% Um llaflatrhka The Bighi, 5902 feet, tnkin* the heigbt of tks 
l^nk^ t4 Lnccme at 1<IS( feet, according to Furhman (See Cmmftg 
Umdm d€$ Mesmres Tri^wsmtiriqu€t em Smism, 1^0, p. 230.) Meeat 
Ath/f, ^7& feet, acctirdin^ to explain Gaaltier; Uoaul PilatiM» 7SI6 
(Wt; WmuA JUm, 10371 feet, according to Captain Smjth; or 10.874 
f^Mty a/>«ur<iing to the beruoiecrical meacoremeut made bj Sir Joba 
lUfuhiA, and co mnwmir a trd to me in writing in 18^, and 10^99 feet, 
m€4ftdmg to aagka <4' alfif od r taken bj Cacciatore at Paienno (calca> 
felad l/r aawiinwg the terreMrml rdractaun to be 0HI76) ; the Schreck 
h^a, li;MO feet; the J uagfeaa, 13.720 feet, according to Tkalks; Moat 
Uht9*i, ii^i fe>et, accorJittg tu ibe difler^mt nte ^ u rementa rcaMJiV iixl 
Uy Uoifm iifiU. Umsm., Maj, 18:^8, i>. 24-^k)), 15J33 feet, amwling to 
IIm $nmmurou9cnU ukcu ftum Sluunt CulttnilMur by Cariini ia 1821, Mid 
ti,ril$ fevtf M l ata a nn ai bj the Aitotriau cagiuuvn (xwa Tcvkid aad 
Um Ofeci«r d'Ambia. 

Tb« aelaal ketgbt ci the Swim moontains flactnatat, accoidiag to 
yjtultff^^U tAMemtkm^ aa much aa 25 Buglith feet, owing to the rwrj- 
Mitf iitUikstcm tA the atfatam nt maom that cuTom the Munmita. Chuu- 
\t*ffU^> m, accordiug lo my triguoometrkal meaauremeota, 21.421 feet 
(iaa llomUiiJt, IUcu€U ^OU. AMr., touM i^ p. 73), and Dhawabgiri, 
H$M7i feet- Aa there ia a diflefeuce of 445 feet between the deiermin- 
aliMfM tfi Blake and Webb, the deration awigned to the Dhawalagiri 
(tff white n^iiuataJn, firom the Sanscrit ^t ea ni / a. white, and giri, moant- 
aiw) £«4i n^H be rec^rsved with the aame cuutideuce aa that of the Jawa- 
bff Zl#7'id feet, aince the Utter naOa ou a cutu|>lcte uiguoomelrical 
Mtitmsttemteut i^t/o Uerbrrt and Uodgaon in the Asiat. Ets^ tuL xir^ 
y, itKt, Mstd ikippt to EmcycL Briu, rol. iv., p. 643). I hare shown 
gUmwfmrm (Amm. d^s ScUmca NatmntUt, Man, 1£5) that the height of 
(he (/hawalagin (28.074 feet) depends on several elements that hare 
$nd been ascertained with cercaintj. aa aximulhs and laiiiodea (Hum- 
iftfUU, A*i4 CeulraU, 1- iii^ p. 282). It has been believed, but without 
^/fifjatioa, that in the Tartaric chain, north ot' Thibet, oppoaite to the 
i\mm (A ICaeo^an, there are several snowy aummita, whose efevation 
i$ n^ttmi 30.000 Caghsh feet (almost twice that of Mout Blanc), or. at 
aiiy fulMt ^vOUO feet (see Capraio Alexander Gersxd*s awl John Gerard'a 
j/^n4W #* ik€ BooremAo Pass, 1840. voL i., p. 143 and 311). Chimbo- 
fl„«4/ is spokea of in the text oolj ■» ont of the highest summiu of the 
oUb <^i^ Ai-lea; for in the year 1^7. the learocd and higbly^fted 
Ifavafeff FcatlaBd. in his memorable expedition to Upper Peru (ftohvia), 
Mtaaaurad the rlevatioo of two moantains situated to the east of Lake 
rUkmcm^ra^ d^t Sorata, 25.200 feet, and the Illinumi. 24.000 feet, both 
afMll/ esc^^^ ^h^ height of Chimborazo, which is ouly 21.421 feet, 
Sid MH tteatiy ecjaal in oleTatiua to the Jawahir, which ia the highua 
^!L^tmim ia the HaaalayB that baa •■ jet booa accaiatel/ icaiuied 



INTRODUCTION. 20 

not have attained to tho height of that groat Coloflstis of the 
AndcB, tho Cliiiiibora//), whom lioight is twico that of Mount 
^tna; and we must pile the llighi, or Mount Athos, on tho 
summit of the Chimhorazo, in order to form a just estimate 
of the elevation of the Dhawalagiri, the highest point of tho 
Himalaya. But although the mountains of India greatly sur- 
pass the Cordilleras of South America hy their astonishing el- 
evation (which, aflcr heing long contested, has at last been 
confirmea by accurate measurements), they can not, from their 
geographical position, present the same inexhaustible variety 
of phenomena by which the latter are characterized. The 
impression produced by the grander aspects of nature does not 
depend exclusively on height. The chain of the Himalaya is 
placed far beyond the limits of the torrid zone, and scarcely is 
a solitary palm-trco to bo found in the beautiful valleys of 
Kumaoun and Gurhwal.* On tho southern slope of tho an- 
cient Paropamisus, in the latitudes of 28^ and 34°, nature no 
longer displays the same abundance of tree-ferns and arbores- 
cent grasses, heliconias and orchideous plants, which in tropia 

That Mont DUno is 5646 feet below Chimborazo; Ohimbonzo, 3770 
feet below the Sorata ; the Soimta, 549 feet below the Jawahir, and prob 
ablj about 2880 feet below the Dhawalagtri. According to a now 
meainrementof the Illimnnt, bj Pentlaud, in 1838, the elevation of thif 
inoiintain it given at 23,868 foot, rarytng only 133 feet from the meat- 
nriMnont tnlinn in 1R27. Tho olovaliimt have boon given in thit note 
with niinuto oxaotnott, at orroncoiit nuinbort have been iutnidaced 
into manj mapt and tablet recently pnblithed, owing to incorrect re 
doctiont of the meaturementi. 

[In tho preceding nolo, taken from tlioto appended to tho Introdac* 
tion in the Froiich trantlation, rewritten by Humboldt himaelf, the 
meaturementi are given in metert, but thete nave been converted into 
Bnglith feet, for the greater convenience of tlie general reader.]— TV. 

* The abtence of palmt and tree>fernt'on the temperate tlopet of the 
Himalaya it tbown in Don't Flora Nep€tUnnt, 1 825« and in the remark- 
able teriet of lithographt of Wallicirt Flora Indieat whote catalogue 
oontaint the enormout number of 7683 Himalaya tpeciet, alnxMt all 
phanerogamic plantt, which have at yet been but imperfectly dattified. 
In Nepaul (hit. 26|<' to 27 1^) there mit hiUierto been obtenred only one 
tpeciet of palm, Ohanueropt martiana, WalL {PlanUB Anal,, lib. iii., p. 
5, 2 1 1 ), which it found at tne height of 5250 Englwh feet above the lerel 
of tlie tea, in the tliadr valley of Bunipa. The magnificent tree*fem, 
Altophila bruooiiiana. Wall, (of which a ttem 48 feet long hnt been in 
the pottettion of the Dritith Museum tince 1831), doet not grow in Ne- 
paul, but it found on the mountaint of Silhet, to the north wett of Oal- 
cutta, in lat. 24^ 50^. The Nepaul fern, Paranema cjathOidet, Don. 
formerlj known at Sphieroptora barbata, Wall. {Plantm Aiiai.f lib. i., 

E. 42, 48), it, indeed, nearly related to Cyathea, a tpeciet of which I 
aye teen in the South American Mittiont of Caripe, meafuring 33 (e«l 
in height; thit it not, boweyer, properij tpoaldBg, a treai 
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al regions are to be found even on the highest plateaux of the 
mountains. On the slope of the Himalaya, under the shade 
of the Dcodora and the broad-leaved oak, peculiar to these 
Indian Alps, the rocks of granite and of mica schist are cov- 
ered with vegetable forms almost similar to those which char- 
acterize Europe and Northern Asia. The species are not 
idunlical, but closely analogous in aspect and physiognomy, as, 
for instance, the juniper, the alpine birch, the gentian, the 
marsh parnassia, and the prickly species of Ribes.*' The 
cliain of the Himalaya is also wanting in the imposing pho- 
nomona of volcanoes, which in the Andes and in the Indian 
Archipelago often reveal to the inhabitants, under the most 
terrific ibrms, the existence of the forces pervading the inte- 
rior of our planet. 

Moreover, on the southern declivity of the Himalaya, where 
the ascending current deposits the exhalations rising from a 
vigorous Indian vegetation, the region of perpetual snow be- 
gins at an elevation of 1 1 ,000 or 1 2,000 feet above the level 
of the soa.t thus sotting a limit to the development of organic 

* Ribes nubicola, R. elaciale, R. groasolaria. Tho species which 
compose the vegettitiou of the Himalaya ore four pines, not withstand iag 
the assertion of tlie ancients regarding Eastern Asia (Stmbo, lib. 11, p. 
510, Cas.), twenty-five oi^ks, four birches, two chestnuts, seven maples, 
twelve willows, fourteen roses, three species of strawberry, seven spe- 
cies of Alpine roses {rliododendra)^ onu of which attains a height of 20 
feet, and many other northern genera. Large white apes, havmg black 
faces, inhabit the wild chesUiiit-tree of Kashmir, which grows to a hoight 
of 100 fcut, in lilt. 33° (mjo Oarl von IlQgul's Katchmir, 1840, 2d pt. 
249). Anion;; the Couiluriu, wo find ihu IMnus duodwura, or duodara 
(in Sanscrit, diwa-daru, tho timber of the gods), which is nearly allied 
to Pinus codriis. Near tliu limit of perpetual snow ilourish the largo 
and showy flowers of the Gentiaua veuusta, Q. Moorcrofliaua, Swertia 
purpurescens, 8. speciosa, Parnassia armata, P. nubicola, Pcsonia Emo- 
ai, Tulipa stellata; and, besides varieties of European genera peculiar 
to these Indian mountains, true European species, as Leontodon taraz- 
mcum. Prunella vulgaris, Galium aparino, and Thlaspi arvonse. Tho 
heath mentioned by Saunders, in Turner's Travel*, and which had been 
confounded witli CuUuna vulgaris, is an Andromeda, a fact of the great- 
est importance in the geography of Asiatic plants. If I have made use, 
in tliis work, of tho unplulos4)phical expressions of European genera, 
European s|iecios, rrowing wild in Asia, Sec., it has been in consequence 
of the old botanical language, which, instead of the idea of a large dis- 
semination, or, rather, of tne coexistence of organic productions, has 
dogmatically substituted the false hypothesis of a migration, which, 
firom predilection for Europe, is further assumed to have ueeu from west 
to east. 

t On tho southern declivity of tho Himalaya, the limit of perpetual 
•BOW is 12,078 foot above tho level of tho soa ; on tho northern uocliv- 
ity, or lather, on the peaks which rise above tho Thibet, or Tartariaq 
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hi« in a zone that is nearly 3000 feet lower than that to whid 
it attains in the equinoctial region of the Cordillorai. 

pktMO, thn limit ia at 16,635 feet from 30|o to 320 of Utitade, whiU 
at the eqaator, ia the Andes of Quito, it ii 15,790 feet. Such is the 
feeolt I hare deduced from the combination of nameroas data ftunitbed 
bj Webb, Gerard, Herbert, and Moorcroft. (See mj two memoira on 
the moontaini of India, in 1816 and 1820, in tlie Ann. d€ CkimU §t A 
Pk^iique, t iii., p. 303 ; t. xiw., p. 6, 22, 50.) The mater eleratioa to 
which the limit of perpetual snow recodea on the Tartarian declivity 
n owing to the radiation of heat from the neighboring elevated plaint, 
to the purity of the atrooaphere, and to the infrequent formation of tnow 
in an air which it both very cold and very dry. (Humboldt, AsU Ctu 
trait, t. iii., p. 281-326.) My opinion on the difference of height of 
the tnow-line on the two tidet of the Himalaya hat the high auUMwity 
of Colebrooke in itt favor. He wrote to me in Juno, 1824, at Ibllowts 
" I alto Bnd, from the data in my pottottion, that tho elevation of the 
line of perpotunl tnow it 13,000 foot. On the tnnthem declivity, and 
at Intitiido 31^, Wobl/t inrntiimtionUi givn mo 13,500 foot, contoqnontly 
500 fcot mora timn tho lioight doilucofl from Captain lluclnim*t ob 
■ervationt. Oerard*t meaturemeutt fully confirm your oniniun tha* 
tlio line of tnow it higher on tlie northern than on the toutliem tide.' 
It wat not until the present year (1840) that wo obtained the oomploti 
■nd collected joonuil of the brotbort Gerard, published under the so 
l^ervision of Mr. Lloyd. {Narralive of a Journey from Cawnpoor it 
(he Boortndo Past, in the Himalaya, by Captain Alexander Oerard ant 
John Oerard, edited by Oeor^e Lloyd, vol. i., p. 291, 311, 320, 327, aiM 
341.) Many interesting details regardinc tome Irtcalities may be fouw > 
in the narrative of A Vtsit to the Skatool^for the Purpose of determining 
the Line of Perpetual Snow on the toutkern face of the Himalaya, in At 
gnet, 1822. Unfortunately, however, those travelers always conftni»-> 
the elevation at which sporadio snow (alls witli tlte maximum of tb« 
height that the snow-line attains on the Thibetian plateau. Captain 
Gerard distinguishes between the summit! that rise in the middle o 
the plateno, where ho states tho elevation of tlie snow-line to bo b« 
tween 18,000 and 19,000 feet, and the northern slopes of the cliain o 
the Himalaya, which border on the defile of the Sutledge, and can n- 
diate but little heat, owing to tho deep ravines with which they att 
intersected. The elevation of tho village of Tangno is riven at onl> 
9300 feet, while that of the plateau surrounding the sacred lake of Mm 
nasa is 17,000 fcot. Captain Gerard finds the stiow-line 500 f(Det low«4 
on tho northern slopes, where tho chain of the lliroabiya is broke L' 
through, tlian towanl tho soutliom declivities fiicing lliiidostan, and bt 
there estimates the line of perpetual snow at 15,000 feet. The mmn 
strikiuff diflerences are presented between the vegetation on the Thil> 
atian plateau and that cnaracteristio of the southern slopes of the Hin* 
ilaya. On the latter the cultivation of grain is arrested at 9974 fool, 
ana even tbero tlio com has often to be cot when tho blades are still 
creen. The extreme limit of forests of tall oaks and deodars is 1 1,960 
feet; that of dwarf birches, 124^83 feet. On the pUins, Captain Gerard 
bund pastures up to the height of 17,000 feet; the cereals will grow hi 
14,100 feet, or even at 18.540 feet; birches with tall stems at 14.100 
feet, and copse or brush wood applicable for fuel is found at an eleva 
taoQ of upward of 17,000 feet, that is to say, 1280 feet above the lowei 
Baits of the now4ii» at the equator, in the prorinoe of Qoito. It h 
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But the countries bordering on the equator possess anolhez 
advantage, to which sufficient attention has not hitherto been 

very dof irable that the mean elevation of the Thibetian plateau, which 
I have estimated at only about 8200 feet between the Himalaya and 
the Kuen4un, and the difference in the height of the line of perpetual 
•now on the southern and ou the northern slopes of the Himalaya, sliould 
be again investigated by travelers who are accustomed to judge of the 
general conformation of the land. Hitherto simple culculationsliavo too 
often been confounded with actual measurements, and the elevations 
of isolated summits with that of the surrounding plateau. (Compare 
Carl Zimmerman's excellent Hypsometrical Remarks in his Oeograpk- 
iseken Analyte der Karte van Inner Aeien, 1841, s. 98.) Lord draws 
attention to the difference presented by tlie two faces of the Himalaya 
and those of the Alpine chain of Hiudoo-Coosh, with respect to the 
limits of the snow-line. ** The latter chain," he says, " has the table- 
land to the south, iu consequence of which the snow-line is higher on 
the southern side, contrary to what we find to be the case with respect 
to the Himalaya, which is bounded on the south by sheltered plains, 
as Hindoo-Ooosli is on the north." It must, howovur, be udmittod that 
the hypsometrical data ou which these statements are based reciuiru a 
critical revision witli regard to sovurul of tliuir details; but still they 
BuiBce to establish the main fact, that the remarkable configuration of 
the luid iu Ooiitml Asia affuixls man all that is usaoniial to tlie iiiuinto 
uaucu of life, as Imbilaliou. food, aud fuel, at an uluvation abovo the 
level of the sea which iu almost all other parts of the globe is covered 
with perpetual ice. We must except the very dry districts of Bolivia, 
where snow is so rarely met with, and where Pentland (in 1838) fixed 
the snow-line at 15,667 feet, between 16^ and 171^ south latitude. The 
opinion that I had advanced regarding the difference in the snow-line 
on the two faces of the Himabiya has been most fully confirmed by the 
barometrical observations of Victor Jacquemont, who fell an early sac- 
rifice to hb noble aud unwearied ardor. (See his Corretpondanee 
jtendant eon Vayare dane Vlnde, 1828 a 1832, liv. 23, p. 290, 296, 299.) 
** Perpetual snow, says Jacquemont, " descends lower on the southern 
than on the northern slopes of the Himalaya, and the limit constandy 
rises as we advance to the north of tho chain bordering on India. Ou 
the Kioubrong, about 18,317 feet in elevation, according to Captain 
Qerard, I was still considerably below the limit of perpetual snow 
which I believe to be 19,690 feet in this part of Hindostan." (This 
estimate I consider much too hjgh.) 

The same traveler says, " To whatever height we rise on the south- 
em declivity of the Himalaya, the climate retains the same character, 
and tlie same division of the seasons as iu tho plains of India; tlie sum- 
mer solstice being every year marked by tlio sumo nrovalcnce of rain, 
wliidi continues to full without iuturinissioii until tlie uuluinnal e<|ul- 
noz. But a now, a totally dilluront cliiiiulo liegius at Kuslniiir, whoso 
elevation I ostitnato to bo 5350 feet, nearly equal to Uiat of tho cities 
of Mexico and I'opayun" ( Correepond. de Jtuquemontf t. ii., p. 58 et 74). 
The wai*m and humid air of tho sea, as Leopold von Buch woU observes, 
is carried by tlie monsoons across Uie plains of India to Uie skirts of 
the Himalaya, which arrest its course, and hinder it from diver^ng to 
the Thibetian districts of Ladak and Lassa. Carl von HQgel estimates 
tho elevation of tho Valley of Kashmir above the level of the sea at 
$818 feet, and bases his observation on the determinaUon of the boiling 
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directed. This portion of the surface of the globe affords in 
the smallest space the greatest possible variety of impressions 
fix>m the contemplation of nature. Amons the colossal mount* 
ains of Cundinamarca, of Quito, and of Peru, furrowed by 
deep ravines, man is enabled to contemplate alike all the fam- 
ilies of plants, and all the stars of the firmament. There, at 
a sitif^lc glanco, tho oyo surveys majestic palms, humid forests 
of bambusa, and tlio varied species of Musaccro, while above 
theso forms of tropical vegetation appear oaks, medlars, the 
swoot-brior, and umbelliferous plants, as in our European 
homes. There, as the traveler turns his eyes to tho vault of 
heaven, a single glance embraces tho constellation of the South- 
em Cross, the Magellanic clouds, and the guiding stars of the 
constellation of the Bear, as they circle round the arctic pole. 
There the depths of the earth nnd tho vaults of heaven dis- 
play all the richness of their forms and tho variety of their 
phenomena. There the diflerent climates are ranged the one 
above the other, stage by stage, like the vegetable zones, whose 
succession they Umit ; and there the observer may readily 
trace the laws that regulate the diminution of heat, as they 
stand indeUbly inscribed on the rocky walls and abrupt decliv- 
ities of the Cordilleras. 

Not to weary the reader with the details of the phenomena 
which I long since endeavored graphically to represent,* I 
will here limit myself to the consideration of a few of the gen- 
eral results whose combination constitutes the physical ddine- 
oHon of the torrid zone. That which, m the vagueness of our 

point of water ftoo thoil 11, t. 155, and Joumnl of Oeog. Soe., toI. ri.. 
p. 215). In this Talley, where tlio atmoiiphcro is acarcoW ever agita- 
ted by stormt, and in 34^ 7' lat, snow if found, aeveral foot in thick- 
nett, from December to March. 

* See, generally, my E$9ai tur la Oiorrapkm dei PlanUt, et U 7*a- 
bUttu pkynqm des Rigiant Eqniiumalei,lW7 , p. 80-88. On the dinr- 
nal and iiocturnid Tariationt of temperatare, boo lUato 9 of my AiUis 
Oiogr. et Pky: dn NoMvtau Continent ; and the Tablet in my work, 
entiued De dUtribniione Geographiea Plantamm, teeundum emfi temjt^ 
fiem, et aititudinem Biontimmt 1817, p. 90-116 ; the meteorological poi^ 
tion of mr Aeie Centrales t. iii., p. 212, 224; and, finally, the more 
recent and far more exact expoaition of the Tariations of tomperature 
experienced in correspondence with the increase of oltitade on Uie chain 
of the Andes, given in Boossingaalt's Memoir, Sur la jtrofondeur ^ Uh 
oueUe on ironve^ eoue lee Tropiquee, la coneke de Temperature Inmaruh 
bU. (Ann. de Chimie et de Phjsioae, 1833, t. liii., p. 225-247.) This 
treatise contains the elevations ol 128 points, included between the 
lerel of the sea and the declivitj of the Antisana (17,900 feet), as well 
ta the mean temperatare of tM atmosphere, which Ttriea with the 
Mght between %V> and 35^ F. 

B2 
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impreasionB, loses all distinctness of form, like some distant 
mountain shrouded from view by a vail of mist, is clearly re* 
vealud by the light ol' mind, which, by its scrutiny into the 
causes oi' phenomena, learns to resolve and analyze their dif- 
ferent elements, assigning to each its individual character. 
Thus, in the sphere of natural investigation, as in poetiy and 

Iiainting, the delineation of that which ap|)cals inosl strong* 
y to the imagination, derives its collective interest from the 
vivid truthfulness with which the individual features are por- 
trayed. 

The regions of the torrid zone not only give rise to the 
most powerful impressions by their organic richness and their 
abundant fertility, but they likewise aHbrd the inestimable • 
advantage of revealing to man, by the uniformity of the vari- 
ations of the atmosphere and the development of vital forces, 
and by the contrasts of climate and vegetation exhibited at 
diilerent elevations, the invariability of the laws that regulate 
the course of the heavenly bodies, reflected, as it were, in ter- 
restrial phenomena. Let us dwell, then, fur a few moments, 
on the prools of this regularity, which is such that it may bo 
submitted to numerical calculation and computation. 

In the burning plains that rise but little above the level of 
the sea, reign the families of the banana, the cycas, and the 
palm, of which the number of species comprised in the flora 
of tropical regions has been so wonderfully increased in the 
present day Jbw the zeal of botanical travelers. To these 
groups succeed, in the Alpine valleys, and the humid and 
shaded clei\s on the slopes of the Cordilleras, the tree-ferns, 
whoso thick cylindrical trunks and delicate lace-like foliage 
stand out in bold relief against the azure of the sky, and the 
cinchona, from which we derive the febrifuge bark. The 
medicinal strength of this bark is said to increase in propor- 
tion to the degree of moisture imparted to the foliage of the 
tree by the light mists which form the upper surface of the 
clouds resting over the plains. Every where around, the con- 
fmes of the forest are encircled by broad bands of social plants, 
as the delicate arulia, the thibaudia, and the myrtle-leaved 
Andromeda, while the Alpine rose, the magnificent befaria, 
weaves a purple girdle round the spiry peaks. In the cold 
regions of the Paramos, which is continually exposed to the 
fury of storms and winds, we find that flowering shrubs and 
herbaceous plants, bearing large and variegated blossoms, 
bf ^e given place to monocotyledons, whose slender spikes con* 
■t'tute the sole covering of the soil. This is the zone of the 
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fiaises, one vast savannah extending over the immenie rooimt- 
ain plateaux, and reflecting a yellow, almost golden tinge, to 
the slopes of the Cordilleras, on which graze the lama and the 
cattle domesticated hy the European colonist Where the 
naked trachyte rock pierces the grassy turf, and penetrates into 
those higher strata of air which are supposed to be less charged 
with carbonic acid, wo meet ouly with plants of an inferior or- 
ganization, as lichens, Iccideas, and the brightly-colored, dtttt- 
iike lepraria, scattered around in circular patches. Islets of 
fresh-fallen snow, varying in form and extent, arrest the last 
feeble traces of vegetable development, and to these succeeds 
the region of perpetual snow, whose elevation undergoes but 
little change, and may be easily determined. It is but rarely 
that the elastic forces at work within the interior of our globe 
have succeeded in breaking through the spiral domes, which, 
resplendent in the brightness of eternal snow, crown the sum* 
mits of the Cordilleras ; and even where these subterranoan 
forces have opened a permanent communication with the at 
mosphere, through circular craters or long fissures, they rarely 
send forth currents of lava, but merely eject ignited scoria^ 
steam, sulphureted hydrogen gas, and jets of carbonic acid. -^^ 
In the earliest stages of civilization, the grand and imposing ^| 
spectacle presented to the minds of the inhabitants of the tiop- f 
ics could only awaken feelings of astonishment and awe. x\ 
might, pcrha|w, be supposed, as we have already said, that the 
periodical return of the same phenomena, and the uuiform man- 
ner in which they arrange themselves in successive gronpa, 
would have enabled man more readily to attain to a knowl> 
edge of the laws of nature ; but, as far as tradition and history 
guide us, we do not find that any application was made of the ^ 
advantages presented by these favored regions^ Kecent r& 
iearches have rendered it very doubtful whether the primitive 
seat of Hindoo civilization-^one of the most remarkable phasei 
in the progress of mankind — was actually within the tropies 
Airyana Vaedjo, the ancient cradle of the Zend, was situataci 
to the northwest of the upper Indus, and after the great re 
ligious schism, that is to say, after the separation of the Ira 
nians from the Drahminical institution, the language that hail 
previously been common to them and to the Hindoos assumail 
among the latter people (together with the literature, habits 
and condition of society) an individual form in the Mogodha oi 
Madhya Desa,* a district that is bounded by the great ohaiii 

* Sec, on tlio Matllya^lA^a, proporlj to colled, La»en*s exoedeitt 
wnrk. nuiitlml Indiseke AUtrihrnwukmndt, bd. i., •. 93. The OkhMSr 
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of Himalaya and the Binaller range of the Vindhya. In li 
ancient times the Sanscrit language and civilization advanced 
toward the southeast, penetrating further within the torrid zone, 
as my brother Wilhelm von Humboldt has shown in his great 
work on the Kavi and other languages of analogous structure.* 

Notwithstanding the obstacles opposed in northern latitudes 
to the discovery of the laws of nature, owing to the excessive 
complication of phenomena, and the perpetual local variations 
that, in those climates, affect the movements of the atmosphere 
and the distribution of organic forms, it is to the inhabitants 
of a small section of the temperate zone that the rest of man- 
kind owe the earliest revelation of an intimate and rational 
acquaintance with the forces governing the physical world. 
Moreover, it is from the same zone (which is apparently more 
favorable to the progress of reason, the softening of manners, 
and the security of public liberty) that the germs of civiliza- 
tion have been carried to the regions of the tropics, as much 
by the migratory movement of races as by the establishment 
of colonies, diflering widely in their institution from those of 
the PhoDnicions or Greeks. 

In speaking of the influence exercised by the succession of 
phenomena on the greater or lesser facility of recognizing the 
causes producing them, I have touched upon that important 
stage of our communion with the external world, when the en- 
joyment arising from a knowledge of the laws, and the mutual 
connection of phenomena, associates itself with the charm of 
a simple contemplation of nature. That which for a long 
time remains merely an object of vague intuition, by degrees 
acquires the certainty of positive truth ; and man, as an im- 
mortal poet has said, in our own tongue — Amid ceaseless 
change seeks the unchanging pole.f 

In order to trace to its primitive source the enjoyment de- 
rived from the exercise of thought, it is sufficient to cast a 
/apid glance on the earliest dawnings of the philosophy of na- 
ture, or of the ancient doctrine of the Cosmos. We find even 

give the name of Mo-kie-thi to the southeru Bahar, sitaated to the 
•outh of the Ganges (see Foe-Ktme-Kh by Cky-Fa-Hian, 1836, p. 256 V 
Djamba-dwipa is the name given to the whole of India; but the words 
■Jso indicate one of the four Buddhist continents. 

* Uebir die Kami Spraehe auf der Intel Java, n^st einer Einleitung 
titer die VerechiedenheU det menschliehen 8praJU>auet und ihren Ein 
Muet ayf die geutige Entwiekelung dee MenechengeechlechV e, von Wil 
helm V. Humboldt, 1836, l)d. i., s. 5-510. 

t This verse occurs in a poem of Schiller, entitled Der Spaziergamg 
which first appeared in 1795, in the Horen. 
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among the most Bavage nations (as my owii travels enable roe 
to attest) a certain vague, terror-stricken sense of the all-)iow* 
erful unity of natural forces, and of the existence of an invisi* 
ble, spiritual essence manifested in these forces, whether in 
unfolding the flower and maturing the fruit of the nutrient 
tree, in upheaving the soil of the forest, or in rending the clouds 
with the might of the storm. We may here trace the revela- 
tion of a bond of union, linking together the visible world and 
that higher spiritual world which escapes the grasp of the 
senses. The two become unconsciously blended together, de- 
veloping in the mind of man, as a simple product of ideal con- 
oeption, and independently of the aid of observation, tbe first 
germ of a Philosophy of Nature. - 

Among nations least advanced in civilization, the imagina- 
tion revels in strange and fantastic creations, and, by its pre- 
dilection for symbols, alike influences ideas and language. In- i 
stead of examining, men are led to conjcoturo, dogmatize, and 
interpret supposed facts that have never been observed. The 
inner world of thought and of feeling docs not reflect tho imago 
of the external world in its primitive purity. That which m 
some r^ions of the earth manifested itself as the rudiments i 
of natural philosophy, only to a small number of persons en- \ 
dowed with superior intelligence, appears in other regions, and ! 
among entire races of men, to bo the result of mystic tenden- 
cies and instinctive intuitions. An intimate communion with 
nature, and the vivid and deep emotions thus awakened, are , 
likewise the source from which have sprung the first impulses / 
toward tho worship and deification of the destroying and pre- \ 
serving forces of the universe. But by degrees, as man, siler \ 
having passed through the diflerent gradations of intellectual 
development, arrives at the free enjoyment of the regulating 
power of reflection, and learns by gradual progress, as it were, 
to separate the world of ideas from that of sensations, he no 
longer rests satisfied merely with a vague presentiment of the ' 
harmonious unity of natural forces ; thought begins to fulfill 
its noble mission ; and observation, aided by reason, endeav- 
ors to trace phenomena to the causes from which they springy 

The history of science teaches us the didioultics Uiat have 
opposed the progress of this active spirit of inquiry. Inaccu- 
rate and imperfect observations have led, by false inductions, 
to the great number of physical views that have been perpe^ 
uated as popular prejudices among all classes of society. Thus 
by the side of a solid and scientific knowledge of natural phe- 
nomena there has been preserved a system of the pretended 
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results of observation, which it so much the more difficult to 
shake, as it denies the validity of the facts by which it may 
be refuted. This empiricism, the melanclioly heritage trans- 
mitted to us from former times, invariably contends for the 
truth of its axioms with the arrogance of a narrow-minded 
spirit. Physical philosophy, on the other hand, when based 
upon science, doubts because it seeks to investigate, distin- 
guishes between that which is certain and that which is mere- 
ly probable, and strives incessantly to perfect theory hy ex- 
tending the circle of observation. 

This assemblage of imperfect dogmas, bequeathed by ono 
age to another — this physical philosophy, which is composed 
of popular prejudices — is not only injurious hecause it perpet- 
uates error with the obstinacy engendered by the evidence of 
ill-observed facts, but also hecause it hinders the mind from 
attaining to higher views of nature. Instead of seeking to 
discover the mean or medium point, around which oscillate, 
in apparent i<idopendence of forces, all the phenomena of the 
external world, tliis system delights in multiplying exceptions 
to the law, and socks, amid phenomena and in organic forms, 
for something beyond the marvel of a regular succession, and 
an internal and plrogressive development. Ever inclined to 
beUeve that the order of nature is disturbed, it refuses to rec- 
ognize in the present any analogy with the past, and, guided 
by its own varying hypotheses, seeks at hazard, either in the 
interior of the globe or in the regions of space, for the cause 
of these pretended perturbations. 

It is the special object of the present work to combat those 
errors which derive their source I'roin a vicious empiricism and 
from imperfect inductions. The higher enjoyments yielded by 
the study of nature depend upon the correctness and the depth 
of our views, and upon the extent of the subjects that may be 
comprehended in a single glance. Increased mental cultiva- 
tion has given rise, in all classes of society, to an increased do- 
sire of embellishing life by augmenting the moss of ideas, and 
by multiplying means for their generalization ; and this sen- 
timent i'uUy refutes the vague accusations advanced against 
the age in which we hve, showing that other interests, be- 
sides the material wants of hfe, occupy the minds of men. 

It is almost with reluctance that I am about to speak of a 
sentiment, which appeirs to arise from narrow-minded views, 
or from a certain weak and morbid sentimentality — I allude 
to the /ear entertained by some persons, tliat nature rnuy by 
degrees lose a portion of the charm and magic of her ixiwor. 
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m we learn more and more how to unvail her seoreti, eoro- 
prehend the mechanism of the movements of the heavenhr 
bodies, and estimate numerically the intensity of natural forces. 
It is true that, properly speaking, the forces of nature can only 
sxercise a magical power over us as long as their action is 
fhrouded in mystery and darkness, and does not admit of he- 
uig classed among the conditions with which experience haa 
made us acquainted. The eflbct of such a power is, there- 
fore, to excite the imagination, hut that, assuredly, is not the 
(acuity of mind we would evoke to preside oyer the lahorioua 
and elahorato observations by which wo strive to attain to a 
knowledge of the greatness and excellence of the laws of the 
universe. 

The astronomer who, by the aid of the heliometer or a 
double-refracting prism,* determines the diameter of planetary 
bodies ; who nioasurcs patiently, year after year, the moridiaq 
altitude and the relative distances of stars, or who seeks a tel 
cscopic comet in a group of nebulae, doo&not fool his imagina- 
tion more excited — and this is the very guarantee of the pro* 
cision of his labors — than the botanist who counts the divi- 
sions of the calyx, or the number of stamens in a flower, or ex* 
amines the connected or the separate teeth of the peristoma 
surrounding the capsule of a moss. Yet the multiplied an- 
gular measurements on the one hand, and the detail of organic 
relations on the other, alike aid in preparing the way for the 
attainment of higher views of the laws of the universe. 

We must not confound the disposition of mind in the ob 
server at the time he is pursuing his labors, with the ulterior 
greatness of the views resulting from investigation and the 
exercise of thought. The physical philosopher measures with 
admirable sagacity the waves of light of unequal length which 
by interference mutually strengthen or destroy each other, 
even with respect to their chemical actions ; the astronomer, 
armed with jiowerful telescopes, penetrates the regions of 
space, contemplates, on the extremest confuies of our solar 
system, the satellites of Uranus, or decomposes faintly spark- 
ling points into double stars differing in color. The botaiiist 
discovers the constancy of the gyratory motion of the chara in 
the greater number of vegetable oells, and recognizes in the 
genera and natural families of plants the intimate relations 
of organic forms. The vault of heaven, studded with nabo- 

* Anigo** ncoUr mtcroiiMter, n bmppj improvement nnon Rocbcm's 

Kismatic or doublo-refrmcUon micrometer. See M. Mathieo't note is 
klambrv's HisUirt dt rAUr^nmmU tm Ha-kmitiiwm SiicU, 1837. 
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la) and stars, and tho rich vegetablo mantle that covers th« 
soil in tho climato of palms, can not surely fail to produce on 
the minds of tlicso laborious observers of nature an impression 
more imposing and more worthy of the majesty of creation 
than on those who are unaccustomed to investigate the great 
mutual relations of phenomena. I can not, therefore, agree 
with Burke when ho says, '* it is our ignorance of natural 
things that causes all our admiration, and chiefly excites our 
passions." 

While the illusion of the senses would make the stars sta 
tionary in the vault of heaven, Astronomy, by her aspiring lar 
bors, has assigned indeflnite bounds to space ; and if she have 
set limits to the great nebula to which our solar system be- 
longs, it has only been to show us in those remote regions of 
space, which appear to expand in proportion to the increase 
of our optic powers, islet on islet of scattered nebulsB. The 
feeling of the sublime, so far as it arises from a contemplation 
of tho distance of tlig stars, of their greatness and physical ox- 
tent, reflects itself in the feeling of tho infuiite, which belongs 
to another sphere of ideas iueludod iu tlie domain of mind. 
The solemn and imposing impressions excited by this senti- 
ment are owing to the combination of which we have spoken, 
and to the analogous character of the enjoyment and emotions 
awakened in us, whether we float on the surface of the great 
deep, stand on some lonely mountain summit enveloped in the 
half-transparent vapory vail of the atmosphere, or by the aid 
of powerful optical instruments scan the regions of space, and 
see the remote nebulous mass resolve itself into worlds of stars. 

The mere accumulation of unconnected observations of de- 
tails, devoid of generalization of ideas, may doubtlessly have 
tended to create and foster the deeply-rooted prejudice, that 
the study of the exact sciences must necessarily chill the feel- 
ings, and diminish the nobler enjoyments attendant upon a 
contemplation of nature. Those who still cherish such erro 
neous views in the present age, and amid the progress of pub- 
lic opinion, and the advancement of all branches of knowlcKlge, 
fail in duly appreciating the value of every enlargement of the 
sphere of intellect, and the importance of the detail of isolated 
facts in leading us on to general results. The fear of sacri- 
ficing the free enjoyment of nature, under the influence of sci- 
entific reasoning, is often associated with an apprehension 
that every mind may not be capable of grasping the trutha 
of the philosophy of nature. It is certainly true that in the 
midst of tlie uuversal fluctuation of phenomena and vital 
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forces — ^jn that inextricablo net-work of orgftniBins Yy turns 
doYclopod siid dcstroyod— <}ach slop that wo make in the 
more inlimato knowledge of nature leads us to the entrance 
of new labyrinths ; but the excitement produced by a presenti- 
ment of discovery, the vague intuition of the mysteries to be 
unfolded, and the multiplicity of the paths before us, all tend i 
to stimulate the exorcise of thought m evory stage of knowl-| 
odgo. The discovery of each separate law of nature leads toi 
the establishment of some other more general law, or at least 
indicates to the intelligent observer its existence. Nature, as 
a eelebrated physiologist* has defined it, and as the word was 
interpreted by the Greeks and Romans, is " that which is ever 
growmg and ever unfolding itself in new forms.'* 

The series of organic types becomes extended or perfected 
in proportion as hitherto unknown regions are laid open to our 
view by the labors and researches of travelers and observers ; 
as living organisms are compared with those which have dis- 
appeared in the great revolutions of our planet ; and as micro- 
scopes are made more perfect, and are more extensively and 
efficiently employed. In the midst of this immense variety, 
and this periodic transformation of animal and vegetable pro- 
ductions, we see incessantly revealed the primordial mystery 
of all organic development, that same great problem of fneta* 
morphosis which Gothe has treated with more than common 
sagacity, and to tho solution of which man is urged by his 
desire of reducing vital forms to tho smallest number of fun- 
damental types. As men contemplate the riches of nature^ 
and see the mass of observations incessantly increasing bo-j 
fore them, they become impressed with the mtimato eonvio-\ 
tion that the surface and the interior of the earth, the depths 
of the ocean, and the regions of air will still, when thousands 
and thousands of years have passed away, open to the scien- 
tific observer untrodden paths of discovery. The regret of 
Alexander can not be applied to the progress of observation 
and intelligence. t General considerations, whether they treat 
of the agglomeration of matter in the heavenly bodies, or of 
the geographical distribution of terrestrial organisms, are not 
only in themselves more attractive than special studies, but 
thev also aflbrd superior advantages to those who are unabU 
to devote much time to occupations of this nature. The dif- 
ferent branches of the study of natural history are only aocessi' 
ble in certain positions of social life, and do not, at every sea^ 

* Oarot, Von dm Urtkeiltn d€i Knoektm nnd SekaUn OertLtiet, 182$ 
% a t riut., in VUm Alex. Magni, cap. 7 
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ton and m every cljnnate, present like enjoyments. Thus, in 
the dreary regions of the north, man is deprived for a long 
period of the year of the speetacle presented by the activity 
of the productive forces of organic nature ; and if the mind 
be directed to one sole class of objects, the most animated 
narratives of voyages in distant lands will fail to interest and 
attract us, if they do not touch upon the subjects to which 
we are most partial. 

As the history of nations — ^if it were always able to trace 
events to their true causes — might solve the ever-recurring 
enigma of the oscillations experienced by the alternately pro- 
gressive and retrograde movement of human society, so might 
also the physical description of the world, the science of the 
Cosmos, if it were grasped by a powerful intellect, and based 
upon a knowledge of all the results of discovery up to a giv- 
en period, succeed in dispelling a portion of the contradictions 
which, at first sight, appear to arise from the complication oi 
phenomena and the multitude of the perturbations simultane- 
ously manifested. 

The knowledge of the laws of nature, whether wo can 
trace them in the alternate ebb and flow of the ocean, in the 
measured path of comets, or in the mutual attractions of mul- 
tiple stars, alike increases our sense of the calm of nature, 
while the chimera so long cherished by the human mind in 
its early and intuitive contemplations, the belief in a "discord 
of the elements," seems gradually to vanish in proportion as 
Boienco extends her empire. General views lead us habitu- 
ally to consider each organism as a part of the entire creation, 
and to rccogni'iM) in the plant or the animal not merely an 
isolated species, but a form linked in the chain of being to 
other fonns either living or extinct. They aid us in compre- 
hending the relations that exist between the most recent dis 
coveries and those which have prepared the way for them. 
Although fixed to one point of space, we eagerlv grasp at a 
knowledge of that which has been observed in difleront and 
far-distant regions. We delight in tracking the course of the 
bold mariner through seas of polar ice, or in following him to 
the summit of that volcano of the antarctic pole, whose fires 
may be seen from afar, even at mid-day. It is by an ac- 
quaintance with the results of distant voyages that we may 
learn to comprehend some of the marvels of terrestrial mag- 
netism, and be thus led to appreciate the importance of the 
estallishments of the numerous observatories which in the 
Dresent day cover both hemispheres, and are designed to note 
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lh<t simultanoous occurrenco of perturbations, and the fireqaen* 
cy and duration of magnetic storms. 

Let me bo jiormitlcd hero to touch upon a few points oon* 
nccted with discoveries, whoso importance can only bo esti- 
mated by thofo who have devoted themselves to the study 
of the physical sciences generally. Examples chosen from 
amonp: the phenomena to which special attention has been 
directed in recent times, will throw additional light upon the 
preceding cx)n8iderations. Without a preliminary knowledge 
of the orbits of comets, we should be unable duly to appre- 
ciate the importance attached to the discovery of one of these 
bodies, whose elliptical orbit is included in the narrow limits 
of our solar system, and which has revealed the existence of 
an ethereal fluid, tending to diminish its centrifugal force and 
the period of its revolution. 

The superficial half-knowledge, so characteristio of the 
present day, which leads to the introduction of vaguely com- 
prehended scientific views into general conversation, also gives 
rise, under various forms, to the expression of alarm at tho 
supposed danger of a collision between the celestial bodies, or 
of disturbance in the climatic relations of our globe. These 
phantoms of the imagination are so much the more injurious 
as they derive their source from dogmatic pretensions to true 
science. The history of the atmosphere, and of the annual 
variations of its temperature, extends already sufTiciently far 
back to show the recurrence of slight disturbances in the 
mean temperature of any given place, and thus aflbrds suffi- 
cient guarantee against the exaggerated apprehension of a 
general and progressive deterioration of the climates of Eu- 
rope. Encke's comet, which is one of the three interior 
comets, completes its course in 1200 days, but from the form 
and position of its orbit it is as little dangerous to the earth 
as llalley*s great comet, whose revolution is not completed in 
less than seventy-six years (and which appeared less brilliant 
in 1836 than it had done in 1759): the interior comet of 
Biela intersects the earth's orbit, it is true, but it can only 
approach our globe when its proximity to the sun coincidei 
with our winter solstice. 

The quantity of heat rcoeived by a planet, and whose un- 
equal distribution determines the meteorological variationa 
of its atmosphere, depends alike upon the light-engendering 
force of the sun ; that is to say» upon the conditio*! of its 
gaseous coverings, and upon the relative petition of the planet 
and the central body. 



44 00BM08. 

l.*here are variations, it is true, which, in obedience to the 
laws of universal gravitation, afiect the form of the earth's or- 
bit and the inclination of the ecliptic, that is, the angle which 
the axis of the earth makes with the plane of its orbit ; but 
these periodical variations are so slow, and are restricted with- 
in such narrow limits, that their thermic eflects would hardly 
be appreciable by our instruments in many thousands of years. 
The astronomical causes of a refrigeration of our globe, and 
of the diminution of moisture at its surface, and the nature 
and frequency of certain epidemics — phenomena which are 
oflon discussed in the present 4ay according to the benighted 
views of the Middle Ages — ought to bo considered as beyond 
the range of our experience in physics and chemistry. 

Physical astronomy presents us with other phenomena, 
which can not be fully comprehended in all their vastness 
without a previous acquirement of general views regarding 
the forces that govern the universe. Such, for instance, are 
the innumerable double stars, or rather suns, which revolve 
round one common center of gravity, and thus reveal in dis- 
tant worlds the exislence of the Newtonian law ; the larger 
or smaller number of spots upon the sun, that is to say, the 
openings formed through the luminous and opaque atmosphere 
surrounding the solid nucleus ; and the regular appearance, 
about the 13th of November and the 1 1th of August, of shoot- 
ing stars, which probably form part of a belt of asteroids, in- 
tersecting the earth's orbit, and moving with planetary ve- 
locity. 

Descending from the celestial regions to the earth, we 
would fain inquire into the relations that exist between the 
oscillations of the |iendulum in air (the theory of which has 
been perfected by Bessel) and the density of our planet ; and 
how the pendulum, acting the part of a plummet, can, to a 
certain extent, throw light upon the geological constitution 
of strata at great depths 1 By means of this instrument wo 
are enabled to trace the striking analogy which exists be- 
tween the formation of the granular rocks compsing the 
lava currents ejected from active volcanoes, and those endog- 
enous misses of granite, jx>rphyry, and serpentine, which, is- 
suing from the interior of the earth, have broken, as erup- 
tive rocks, through the secondary strata, and modified them 
by contact, either in rendering them harder by the introduc- 
tion of silex, or reducing them into dolomite, or, finally, by 
inducing within them the formation of crystals of the most 
varied composition. The elevation of sporadic islands, of 
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iomes of trachyte, and cones of basalt, by tbe elastic foroos 
emanating from tho fluid interior of our globe, has led one 
of the first geologists of the age, Leopold von Buch, to the 
theory of the elevation of continents, and of mountain chains 
generally. This action of subterranean forces in breaking 
through and elevating strata of sedimentary rooks, of which 
the coast of Chili, in consequence of a great earthquake, fur- 
nished a recent example, leads to the assumption that the 
pelagic shells found by M. Bonpland and myself on the ridge 
of the Andes, at an elevation of more than 15,000 English 
feet, may have been conveyed to so extraordinary a position, 
not by a rising of the ocean, but by the agency of volcanic 
forces capable of elevating into ridges the softened crust of 
the earth. 

I apply the term volcanic, in tho widest sense of the word, 
to every action exercised by tho interior of a planet on iti 
external crust. The surface of our globe, and that of tho 
moon, manifest traces of this action, which in the former, at 
least, has varied during the course of ages. Those who are 
Ignorant of tho fact that the internal heat of the earth in- 
creases so rapidly with the increase of depth that granite is 
m a state of fusion about twenty or thirty geographioal miles 
below the surface,* can not have a clear conception of the 
causes, and the simultaneous ocourrenoe of volcanic eruptions 
at places widely removed from one another, or of the extent 
and intersection of circles of commotion in earthquakes, or of 
the uniformity of temperature, and equality of chemical com- 
petition observed in thermal springs during a long course of 
years. The quantity of heat peculiar to a planet is, however, 
a matter of such importance — being the result of its primitive 
condensation, and varying according to the nature and dura- 
tion of the radiation — that the study of this subject may 
throw some degree of light on the history of the atmosphere, 
and the distribution of the organic bodies imbedded m the 
solid crust of tho earth. This study enables us to understand 
how a tropical temperature, independent of latitude (that is, 
of the distance from the poles), may have been produced by 
deep fissures remaining open, and exhaling heat from the in- 

* The detanninatioM Dtoally giren of the point of fotion are in 
gaoeral much too high for refraciing ■abatancea. According to the Tory 
acoar»te reaeorchet of Mitacherlioo, the melting point of granite can 
hardlj excMd 2372^ p. 

[Dr. Mantell tute* in Tke Wonder$ of Oeologf, 1848, vol. i., p. 34, 
diat tht« increase of temoerature amonnta to l^ of Fahrenheit for oveiy 
ft(ty*foiir feet of Tertical depth .1«>7*r. 
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terior of the globe, at a period when the earth's crust wtd 
still furrowed and rent, and only in a state of scmi-soliditica- 
tion ; and a primordial condition is thus rovcalod to us, in 
which the temperature of the atmosphere, and climates gen- 
erally, were owing rather to a liberation of caloric and of dif- 
ferent gaseous emanations (that is to say, rather to the ener- 
getic reaction of the interior on the exterior) than to the posi- 
tion of the earth with respect to the central body, the sun. 

The cold regions of the earth contain, deposited in sedi- 
mentary strata, the products of tropical climates ; thus, in 
the coal formations, we find the trunks of palms standing up- 
right amid conifer®, tree ferns, goniatites, and fishes having 
rhomboidal osseous scales;* in the Jura limestone, colossal 
skeletons of crocodiles, plesiosauri, planulites, and stems of the 
cycade® ; in the chalk formations, small polythalamia and 
bryozoa, whose species still exist in our seas ; in tripoli, or 
polishing slate, in the semi-opal and the farina-like opal or 
mountain laual, agglomerations of siliceous infusoria, which 
liavo boon brought to light by the powerful inicroBCO|K) of 
lilhronborg ;t and, lastly, in trans|)ortod soils, and in certain 
caves, tlio bones of elephants, hyenas, and lions. An intimate 
acquaintance with the physical phenomena of the universe 
leads us to regard the products of warm latitudes that are 
thus found in a fossil condition in northern regions not merely 
as incentives to barren curiosity, but as subjects awakening 
deep reflection, and opening new sources of study. 

The number and the variety of the objects I have alluded 
CO give rise to the question whether general considerations of 
physical phenomena can be made sufficiently clear to persons 
who have not acquired a detailed and special knowledge of 

* See the classical work on the fishes of the Old World by Agassiz, 
Reek. Mur let Poiuom FoitiUi, 1834, vol. i., p. 38 ; vol. ii., p. 3, 28. 
34, App., p. 6. The whole genus of Amblypterus, Ag., nearly allied 
tu Palioonucus f called also PalmoUirissum), lios buried beueath tho 
Jura formatious lu the old carboniferous strata. Scales which, iu some 
fishes, as in the family of Lepidoides (order of Gauoides), ore formed 
like teeth, and covered iu cerUiin parts with enamel, belong, after tlio 
I'locoidos, to the oldest forms of fossil fiifhos ; their living representa- 
tives are still fouml in two genera, the Diehir of tlie Nile and Senegal, 
and tlie LepidotUvi of the Ohio. 

\ [Tho fMlishing tlatc of Dilin is stated by M. Bhrenberg to form a 
series of strata fourteen feet in thickness, entirely made up of tlie sili- 
ceous shells of Oailloneila, of such extreme minuteness that a cubic 
inch of the stone contains forty-one thousand millions ! The Bergmekl 
(mountain meal or fossil farina) of San Fiora, in Tuscany, is one muss 
of aniniuleulitos. See the interesting work of G. A. Muntell, Ou tk§ 
Uedals of Creation^ vol. i., p. 223.]— Tr. 
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daioriptiYe natural history, geology, or mathematical astron- 
omy? I think we ought to distinguish here hotween him 
whose task it is to collect the individual details of various 
observations, and study the mutual relations existing among 
them, and him to whom these relations are to be revealed, 
undor tho form of gonoral results. Tho former should be ao* 
quainted with the spocialities of phenomena, that he may ar- 
rive at a generalization of ideas as tho result, at least in part, 
of his own observations, experiments, and calculations. It 
can not be denied, that where there is an absence of positive 
knowledge of physical phenomena, tho general results which 
impart so great a charm to the study of naturo can not all 
be made equally clear and intelligible to the reader, but still 
I ventare to hope, that in the work which I am now prepar- 
ing on the physical laws of the universe, the greater part of 
the facts advanced can be made manifest without the neces- 
sity of appealing to fundamental views and principles. The 
Sixture of nature thus drawn, notwithstanmng die want of 
istinctness of some of its outlines, will not bo tho leas able to 
enrich the intellect, enlarge the sphere of ideas, and nourish 
and vivify the imagination. 

There is, perhaps, some truth in the accusation advanced 
against many Grerman scientific works, that they lessen the 
value of general views by an accumulation of detail, and do 
not sufficioutly distinguish between thoso great results which 
form, as it wore, the beacon lights of science, and tho long 
series of means by which they have been attained. This 
method of treating scientific subjects led the most illustrious 
of our poets* to exclaim with impatience, " Tho Germans 
have the art of making science inaccessible.*' An edifice can 
not produce a striking efiect until the scaflblding is removed, 
that had of necessity been used during its erection. Thus tho 
uniformity of figure observed in the distribution of continental 
masses, which all terminate toward tho south in a pyramidal 
form, and expand toward the north (a law that aetermines 
the nature of climates, the direction of currents in the ocean 
and the atmosphere, and the transition of certain types of 
tropical vegetation toward the southern temperate zone), may 
be clearly apprehended without any knowledge of the geo- 
dastoal and astronomical operations by moans of which these 
pyramidal forms of continents have been determined. In like 
manner, physical geography teaches us by how many leagues 

* OCtbe. ill Dk Apkcrigimen S^er Naiurwi99eHmk^, bd. U t. 155 
{Wtrkt ki€in€ Au$g^9, wm 1833.) 
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the equatorial aids exceeds the polar axis of the glohe, and 
shows us the mean equality of the flattening of the two hemi- 
spheres, without on tailing on \i8 tho necessity of giving the 
detail of the measurement of the degrees in Uie meridian, or 
the ohservations on the pendulum, which have led us to know 
that the true figure of our glohe is not exactly that of a regu- 
lar ellipsoid of revolution, and that this irregularity is reflect- 
ed in the corresponding irregularity of the movements of the 
moon. 

The views of comparative geography have been specially 
enlarged by that admirable work, Erdkunde itn Verlidltniss 
zur Natur und zur GeschidUe, in which Carl Ritter so ably 
delineates the physiognomy of our globe, and shows the influ- 
ence of its external configuration on the physical phenomena 
on its surface, on the migrations, laws, and manners of nations, 
and on all the principal historical events enacted upon the face 
of the earth. 

France possesses an immortal work, L* Exposition du Sys- 
thne du Monde, in which the author has combined the results 
of the highest astronomical and mathematical labors, and pre- 
sented them to his readers free from all processes of demon- 
stration. The structure of the heavens is here reduced to the 
simple solution of a great problem in mechanics ; yet Laplace's 
work has never yet been accused of incompleteness and want 
of profundity. 

The distinction bet'v^een dissimilar subjects, and tho sepa- 
ration of the general from the special, are not only conducive 
to the attainment of perspicuity in the composition of a phys- 
i.^al history of the universe, but are also thu moans by which 
a character of greater elevation may be imparted to the study 
of nature. By the suppression of all unnecessary detail, the 
great masses are better seen, and the reasoning faculty is ena- 
bled to grasp all that might otherwise escape the limited range 
of the senses. 

The exposition of general results has, it must be owned, been 
singularly facilitated by the happy revolution experienced since 
the close of the last century, in the condition of all the special 
Miences, more particularly of geology, chemistry, and descrip- 
tive natural history. In proportion as laws admit of more 
i^neral application, and as sciences mutually enrich each other, 
and by their extension become connected together in more nu- 
merous and more intimate relations, the development of gen- 
eral truths may be given with conciseness devoid of superfici- 
ality. On being first examined, all phenomena appear to be 
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Im. ^;ed, and it is only by the result of a multiplicity of obter- 
vatfofiB, combined by reason* that we are able to trace the 
mutual relations existing between them. If, howeyer, in the 
present age, which is so strongly characterized by a brilliant 
course of sciontific discoTories, we poroeivo a want of oonneo- 
tion in the phenomena of certain sciences, wo ma^ anticipate 
the revelation of now facts, whose importance will probably 
be commensurate with the attention directed to these branches 
of study. Expectations of this nature may be entertained with 
regard to meteorology, several ^arts of optics, and to radiating 
heat, and electro-magnetism, since the admirable discoveries 
of Melloni and Faracuiy. A fertile field is here opened to dis- 
covery, although the voltaic pile has already taught us the 
intimate connection existing between electric, magnetic, and 
chemical phenomena. Who will venture to affirm that we * ^ 
have any prociso knowledge, in the present day, of that part 
of the atmosphere which is not oxygen, or' that thousands of 
gaseous substances aflccting our organs may not be mixed with 
Uie nitrogen, or, fmally, that we have even discovered the wholo 
number of the forces which pervade the universe ? 

It is not the purpose of tlus essay on the physical history of 
the world to reduce all sensible phenomena to a small number 
of abstract principles, based on reason only. The physical 
history of the universe, whose exposition I attempt to develop, 
does not protend to riso to the perilous abstroctious of a purely 
rational science of nature, and is simply a pfhysical geogtupfM, 
combined ioith a description of the regions of space and the 
bodies occupying them. Devoid of the profoundness of a purely 
speculative philosophy, my essay on the Cosmos treats of the 
contemplation of the universe, and is based upon a rational 
empiricism, that is to say, upon the results of Uie facts regis- 
tered by science, and tested by the operations of the intellect. 
It is within these limits alone that the work, which I now 
venture to undertake, oppcrtains to the sphere of labor to 
which I have devoted myself throughout the course of my 
long scientific career. The path of inquiry is not unknown 
to me, although it may be pursued by others with greater 
success. The unity which I seek to attain in the development 
of the great phenomena of the universe is analogous to thai 
which historical composition is capable of acquiring. All 
points relating to the accidental individualities, and the essen- 
tial variations of the actual, whether in tho form and arrange- 
ment of natural objects in the struggle of man against Uia 
elomento, or of nations against nations, do not adnut of being 

Vol. ■ ~ 



60 C08M08. 

baaed only on a rational foundation — ^that is to say, of being 
deduced from ideag alono. 

It Boenui to me that a like degree of empiricism attaches to 
the Description of the Universe and to Civil History ; but in 
reflecting upon physical phenomena and events, and tracing 
their causes bv the process of reason, we become more and 
moro convinced of tho truth of tho ancient doctrine, that the 
forces inherent in matter, and those which govern the moral 
world, exorcise their action under the control of primordial 
uocossity, and in accordance with movements occurring period- 
ically after longer or shorter intervals. 

It is this necessity, this occult but permanent connection, 
this periodical recurrence in the progressive development of 
(brms, phenomena, and events, which constitute nature, obe- 
dient to the first impulse imparted to it. Physics, as the term 
signifies, is limited to tho explanation of the phenomena of tho 
material world by the properties of matter. The ultimate 
object of the experimental sciences is, therefore, to discover 
laws, and to trace their progressive generalization. All that 
exceeds this goes beyond the province of tho physical descrip- 
tion of the universe, and appertains to a range of higher spec- 
alative views. 

Emanuel Kant, one of the few philosophers who have es- 
caped the imputation of impiety, has defined with rare sagac- 
ity the limits of physical explanations, in his celebrated essay 
On Uie Tl^eory and Structure of tfie Heavens^ published at 
Konigsberg in 1755. 

The study of a science that promises to lead us through tho 
vast range of creation may bo compared to a journey in a fur- 
distant land, iicforo we set forth, wo consider, and often 
with distrust, our own strength, and that of the guide we have 
chosen. But the apprehensions which have originated in the 
abundance and the difficulties attached to the subjects we 
would embrace, recede from view as we remember that with 
the increase of observations in the present day there has also 
arisen a moro intimate knowledge of the connection existing 
among all phenomena. It has not unfrequently happened, 
that the researohes made at remote distances have often and 
imexpectedly thrown light upon subjects which had long re- 
sisted the attempts made to explain them within the narrow 
limits of our own sphere of observation. Organic forms that 
had long remained isolated, both in the animal and vegetable 
kingdom, have been connected by the discovery of intermediate 
links or stages of transition. The geography of beings endow 
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ad with lifo attains completeness as we see the species, genera, 
and entire families belonging to one hemisphere, reflected, as 
it were, in analogous animal and vegetable forms in the oppo> 
site hemisphere. These are, so to speak, the equivalenU which 
mutually personate and replace one another in the great series 
of organisms. These connecting links and stages of transition 
may bo traced, alternately, in a deficiency or an excess of de- 
relopment of certain parts, in the mode of junction of distinct 
organs, in the diflerenoes in the balance of forces, or in a re* 
semblance to intermediate forms which are not permanent, 
but merely characteristic of certain phases of normal devel- 
opmont. Passing from the consideration of beings endowed 
with life to that of inorganic bodies, we find inany striking 
illustrations of the high state of advancement to which modem 
geology has attained. Wo thus see, according to the grand 
views of Klio do Beaumont, how chains of mountains dividing 
(liflcrcnt climates and floras and difleront races of men, revet) 
to us their relative age, both by the character of the sediment- 
ary strata they have uplifted, and by the directions which 
they follow over the long fissures with which the earth's cmsi 
is furrowed. Relations of superposition of trachyte and oi 
syenitic porphyry, of diorite and of serpentine, which rembir 
doubtful when considered in the auriferous soil of Hungary, 
in the rich platinum districts of the Oural, and on the soutn- 
westem declivity of the Siberian Altai, are elucidated by the 
observations that have been made on the plateaux of Mexico 
and Antioquia, and in the unhealthy ravines of Choeo. The 
most important facts on which the physical history of the 
world has been based in modem times, have not been aoon- 
roulated by chance. It has at length been fully acknowledg- 
ed, and the conviction is characteristic of the age, that the 
narratives of distant travels, too long occupied in the mere 
recital of hazardous adventures, can only be made a souroe of 
instniction whore the traveler is acquaintc<l with the condi- 
tion of tlio science ho would enlarge, and is guided by roaioa 
in his rcscarchos. 

It is by this tendency to general ixation, which is only dan* 
gerous in its abuse, that a great portion of the physical knowl- 
edge already acquired may bo made the eommon property of 
all classes of society ; but, in order to render the instmotioQ 
imparted by these means commensurate with the importanoe 
of the subject, it is desirable to deviate as widely as possible 
from the imperfect compilations designated, till the close of 
the eighteenth century, by the inappropriate term of popuiat 
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hncnnledge, 1 take pleasure in persuading myself that soien;- 
tific subjects may be treated of in language at once dignified, 
grave, and animated, and that those who are restricted with- 
in the circumscribed limits of ordinary life, and have long re- 
mained strangers to an intimate communion with nature, 
may thus have opened to them one of the richest sources of 
enjoyment, by which the mind is invigorated hy the acquisi- 
tion of new ideas. Communion with nature awakens within 
us perceptive faculties that had long lain dormant ; and we 
thus comprehend at a single glance the influence exercised by 
physical discoveries on the enlargement of the sphere of intel- 
lect, and perceive how a judicious application of mechanics, 
chemistry, and other sciences may be made conducive to na- 
tional prosperity. 

A more accurate knowledge of the connection of physical 
phenomena will altto tend to remove the prevalent error that 
all branches of natural science are not equally important in 
relation to general cultivation and industrial progress. An 
arbitrary distinction is frequently made between the various 
degrees of importance ap|)ertaining to mathematical sciences, 
to the study of organized beings, the knowledge of electro- 
magnetism, and investigations of the general properties of mat- 
ter in its diflbrent conditions of molecular aggregation ; and it 
is not uncommon presumptuously to affix a supposed stigrria 
upon researches of this nature, by terming them *' purely the- 
oretical," forgetting, although the foot has been long attested, 
that in the observation of a phenomenon, which at first sight 
appears to bo wholly isolated, may be concealed the germ of a 
great discovery. When Aloysio Galvani first stimulated the 
nervous fiber by the accidental contact of two heterogeneous 
metals, his cotemporaries could never have anticipated that 
the action of the voltaic pile would discover to us, in the al- 
kalies, metals of a silvery luster, so light as to swim on wa- 
ter, and eminently inflammable ; or that it would become a 
powerful instrument of chemical analysis, and at the same 
time a thermosco|)o and a magnet. When Iluygens first ob- 
served, in 1G78, the phenomenon of the polarization of light, 
exhibited in the diflerence between the two rays into which 
a pencil of light divides itself in passing through a doubly 
refracting crystal, it could not have been foreseen that, a 
century and a half later, the great philosopher Arago would, 
by his discovery of chromatic jx)larization, be led to discern, 
by muans of a small fragment of Iceland spur, whether solar 
light eiiuiimtes fruui a solid budy or a gaseous covering, oi 
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whether comeU transmit light directly or merely by rofleo' 
tion.* 

An equal appreciation of all branches of the mathematical, 
physical, and natural sciences is a special requirement of the 
present age, in which the material wealth and the growing 
prosperity of nations are principally based upon a more en- 
lightened employment of the products and forces of nature. 
The most suiiorlicial glance at the present condition of Europe. 
hIiuws that a diminution, or oven a total annihilation of na- 
tional prosperity, must bo the award of those states who shrink 
with slothful indifleronce from the great stmggle of rival nar 
tions in the career of tho industrial arts. It is with nations 
as with nature, which, according to a happy expression of 
Gotho.t " knows no pause in progress and development, and 
attaches her curse on all inaction.*' The propagation of an 
earnest and sound knowledge of science can therefore alone 
avert the dangers of which I have spoken. Man can not act 
upon nature, or appropriate her forces to his own use, without 
comprehending their full extent, and having an intimate ao« 
quaintanco with the laws of the physical world. Bacon has 
said that, in human societies, knowledge is power. Both must 
rise and sink together. But the knowledge that results from 
the free action of thought is at once the delight and the in* 
dcstrnctible prerogative of man ; and in funning part of tho 
wealth of mankind, it not unfrequently serves as a substitute 
for the natural riches, which are but sparingly scattered ovei 
the earth. Those states which take no active part in tho 
general industrial movement, in tho choice and preparation of 
natural substancxss, or in the application of mechanics and 
chemistry, and among whom this activity is not appreciated 
by all classes of society, will infallibly see their prosperity di 
minish in proportion as neighboring countries become strength* 
ened and invigorated under the genial influence of arts and 
seiences. 

As in nobler spheres of thought and sentiment, in philosophy, 
poetry, and the fine arts, the object at which we aim ought to 
DO an inwaid ono^an ennoblement of tlio intellect — lo ought 
we likewise, in our pursuit of science, to strive after a knowl- 
edge of the laws and the principles of unity that pervade the 
vital forces of the universe ; and it is by such a course that 

* Arago*ii DiAcoYoriot in tho jonr 1811.— Dolambre't Jlistcir^ 4$ 
fAM., p. C52. (I'aMOgo olrriuly quutixl.) 

t 05tho, in DU Apkcrismcn lU>er NalMrmis$emsekqft.— Wtrkt, bd. L, 
t. 4 
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physical studies may bo mado subservient to the progress of in- 
dustry, whicli is a conquest of mind over matter. By a hap- 
py connection of causes and eilects, we often see the useful link- 
ed to the beautiful and the exalted. The improvement of agri- 
culture in the hands of freemen, and on properties of a mod- 
erate extent — the flourishing state of the mechanical arts freed 
from the trammels of municipal restrictions — the increased 
impetus imparted to commerce by the multiplied means of 
contact of nations with each other, are all brilliant results of 
the intellectual progress of*mankind, and of the amelioration 
of political institutions, in which this progress is reflected. 
The picture presented by modern history ought to convince 
those who are tardy in awakening to the truth of the lesson 
it teaches. 

Nor let it be feared that the marked predilection for the 
study of nature, and for industrial progress, which is so char- 
acteristic of the present age, should necessarily have a tenden- 
cy to retard the noble exertions of the intellect in the domains 
of philosophy, classical history, and antiquity, or to deprive 
the arts by which life is embellished of the vivifying breath of 
imagination. Where all the germs of civilization are devel- 
oped beneath the a^s of free institutions and wise legislation, 
there is no cause for apprehending that any one branch of 
knowledge should be cultivated to the prejudice of others. 
All aflbrd the state precious fruits, whether they yield nourish- 
ment to man and constitute his physical wealth, or whether, 
more permanent in their nature, they transmit in the works 
of mind the glory of nations to remotest posterity. The Spar- 
tans, notwithstanding their Doric austerity, i)rayed the gods 
to grant them *' the beautiful with the ^ood."* 

I will no longer dwell upon the considerations of the influ- 
ence exercised by the mathematical and physical sciences on 
all that appertains to the material wants of social life, for the 
vast extent of the course on which I am entering forbids me 
to insist further upon the utility of these appUcations. Ac- 
customed to distant excursions, I may, perhaps, have erred in 
describing the path before us as more smooth and pleasant 
than it really is, for such is wont to be the practice of those 
who delight in guiding others to the summits of lofty mount- 
ains : they praise the view even when great part of the dis- 
tant plains lie hidden by clouds, knowing that this half-trans> 
parent vapory vail imparts to the scene a certain charm from 

• VHinuWV\n\Q,—Aleib., xi., p. 184, oil. StopU. ; Pint., InttUuta La- 
eoniec. |>. ^.Vt, cil. IliitU*ii. 



INTRODUCTION. 55 

the power exercised by the ima^n alien over the domain of the 
■enscs. In hkc manner, from the height occupied by the phys- 
ical history of the world, all ports of the horizon will not ap- 
pear equally clear and well defined. This indistinctness will 
not, however, be wholly owing to the present imperfect state 
of some of the sciences, but in part, likewise, to the unskill- 
fulness of the guide who has imprudently ventured to ascend 
these lofty summits. 

The object of this introductory notice is not, however, solel} 
to draw attention to the importance and greatness of the phyn 
iool history of the universe, for in the present day these are tor. 
well understood to bo contested, but likewise to prove how,: 
without detriment to the stability of special studies, we may* 
be enabled to generalize our ideas by concentrating them in 
one common focus, and thus arrive at a point of view from 
which all the organisms and forces of naturo may bo seen as 
ouo living, active whole, animated by one sole impubie. " Na- | 
turo," as SchcUing remarks in his poetic discourse on art, " is 
not an inert moss ; and to him who can comprehend her vast 
sublimity, she reveals herself as the creative force of the uni- 
verse — ^before all time, eternal, ever active, she calls to life all 
things, whether perishable or imperishable.*' 

By uniting, under one point of view, both the phenomena 
of our own globe and those presented in the regions of space, 
wu embrace the limits of the science of the Cosi;io5, and eon 
vert the jihysical history of the globo into the physical history 
of the universe, the one term being modeled upon that of the 
other. This science of the Cosmos is not, however, to bo re- 
garded OS a mere encyclopedic aggregation of the most im- 
portant and ffeneral results that have been collected together 
from special branches of knowledge. These results are noth- 
ing more than the materials for a vast edifice, and their com- 
bination can not constitute the physical history of the world, 
whose exalted part it is to show the simultaneous action and 
the connecting links of the forces which pervade the univerao. 
The distribution of organic types in diflerent climates and at 
different elevations — that is to say, the geography of plonti 
and animals— diflcrs as widely from botany and dcsonptive 
zoology OS geology does from mineralogy, properly to called. 
The phyiicol history of the universe must not, therefore, be 
confounded with the Encydopcdias of tJie Natural Sciencei^ 
OS they have hitherto bcMsn compiled, and whose title is ti 
vague as their limits oro ill defined. In the work before u% 
partial facta will bo cousiderod only in relation to the whole 
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The higher the point of view, the greater ia the neceftsity loi 
A Bystematio mode of treating the subject in language at once 
animated and picturesque. 

liut thought and language have ever been most intimately 
allied. If language, by its originality of structure and its 
native richness, can, in its delineations, interpret thought with 
grace and clearness, and if, by its happy flexibility, it can paint 
with vivid truthfulness the objects of the external world, it 
reacts at the same time upon thought, and animates it, as it 
were, with the breath of life. It is this mutual reaction which 
makes words more than mere signs and forms of thought ; and 
the beneficent influence of a language is most strikingly man- 
ifested on its native soil, where it has sprung spontaneously 
from the minds of the people, whose character it embodies. 
Proud of a country that seeks to concentrate her strength in 
intellectual imity, the writer recalls with delight the advant- 
ages he has enjoyed in being permitted to express his thoughts 
in his native language ; and truly happy is he who, m at- 
tempting to give a lucid exposition of the great phenomena of 
the universe, is able to draw from the depths of a language, 
which, through the free exercise of thought, and by the eEu- 
sions of creative fancy, has for centuries past exercised so pow- 
erful an influence over the destinies of man. 



LIMITS AND METHOD OF EXPOSITION OF TUE PnYSICAL DESOIIPTIOll 

OF THE UNIVERSE. 

I HAVE endeavored, in the preceding part of my work, to 
explain and illustrate, by various examples, how the enjoy- 
ments presented by the aspect of nature, varying as they do 
in the sources from whence they flow, may be multiplied and 
ennobled by an acquaintance with the connection of phenom- 
ena aud the laws by which they are regulated. It remains, 
then, for me to examine the spirit of the method in which the 
exposition of the pfiysiad description of t/te universe should 
be conducted, and to indicate the limits of this science in ac- 
cordance with the views I have acquired in the course of my 
studies and travels in various parts of the earth. I trust I 
may flatter myself with a hope that a treatise of this nature 
will justify the title I have ventured to adopt for my work, 
and exonerate me from the reproach of a presumption that 
would be doubly reprehensible in a scientifie discussion. 

Before entering upon the delineation of the partial phenom- 
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ena which are found to be distributed in Tarioui groupi, I would 
consider a few general questions intimately connected together, 
and bearing upon the nature of our knowledge of the external 
world and its diflercnt relations, in all epochs of history and in 
all phases of intellectual advancement. Under this head will 
be comprised the following considerations : 

1. The precise limits of the physical description of the uni- 
verse, considered as a distinct science. 

2. A brief enumeration of the totality of natural phenomenat 
presented under the form of a general ddineation of nature, 

3. The influence of the external world on tlie imagination 
and feelings, which has acted in modem times as a powerful 
impulse toward the study of natural science, by giving anima- 
tion to the description of distant regions and to the delineatioa 
of natural scenery, as far as it is characterized by vegetable 
physiognomy and by the cultivation of exotic plants, and their 
arrangement in well- contrasted groups. 

4. The history of the contemplation of nature, or the pro- 
gressive development of the idea of the Cosmos, considered 
with reference to the historical and geographical facts thai 
have led to the discovery of the connection of phenomena. 

The higher the point of view from which natural phenome- 
na may be considered, the more necessary it is to ciroumscribe 
the science within its just limits, and to distinguish it from all 
otlicr analogous or auxiliary studies. 

Physical cosmography is founded on the contemplation of all 
ereatcd things — ail that exists in space, whether as subetanoei 
or forces — tliat is, all the material beings that constitute the 
universe. The science which I would attempt to define pre> 
sents itself, therefore, to man, as the inhabitant of the earth, 
under a two-fold form — as the earth itself and the regions of 
space. It is with a view of showing the actual character and 
the independence uf the study of physical costnogrnphy, and at 
the same time indicating the nature of its relations to general 
;j/iystcs, dcscrijtiive natural history, geology , and comjnraHve 
geography, that I will pause for a few moments to consider 
that portion of the science of the Cosmos which couoomi the 
earth. As the history of philosophy does not consist of a mere 
material enumeration of the philosophical views entertained 
in different ages, neither should the physical description of the 
universe bo a simple ciicycloi>cdic compilation of the scicnoee 
we have enumerated. The diOiculty of defining the limits of 
intimately-connected studies has U^n increased, because for 
oentuhet it has been customary to designate various branohos 

C2 
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of empirical knowloilgo by torms M'hich admit either ot too 
wide or too limilcd a dcfiuitioii of the iduas which thoy wore 
intondcd to convey, uud urn, besides, objoclioimblc from liav- 
ing had a diilcreiit signification in those classical languages of 
antiquity from which they have been borrowed. The terms 
physiology, physics, natural history, geology, and geography 
arose, and were commonly used, long before clear ideas were 
entertained of the diversity of objects embraced by these 
sciences, and consequently of their reciprocal limitation. Such 
is the influence of long habit upon language, that by one of 
the nations of Europe most advanced in civilization the word 
"physic" is applied to medicine, while in a society of justly 
deserved universal reputation, technical chemistry, geology, 
and astronomy (purely experimental sciences) are comprised 
under the head of ** Philosophical Transactions." 

An attempt has often been rnude, and almost always in vain, 
to substitute now and more appropriate terms for these ancient 
designations, which, notwithstanding their undoubted vague- 
ness, are now generally understood. These changes have been 
proposed, for the most part, by those who have occupied them- 
selves with the general classification of the various branches 
of knowledge, from the first appearance of the great encyclo- 
pedia (Margarita Philosophica) of Gregory Reisch,* prior of 
the Chartreuse at Freiburg, toward the close of the fifteenth 
century, to Lord Bacon, and from Bacon to D'Alembert ; and 
in recent times to on eminent physicist, Andr6 Marie Ampere.t 

* The Margarita Pkilotopkiea of Gregory Reisch, prior of the Char- 
treoBO at Froiuurg, first appeared under the following title : JEpitom^ 
omnit Philotophia, aliat Margarila Phiioiophica, tractans de omni generi 
icibiii. The Heidelberg edition (1486), and that of Strattbur| (1504), 
both bear this title, but the first pari was suppressed in the Freiburg 
edition of the same year, as well as in the twelve subsequent editions, 
which succeeded one another, at short intervals, till 1535. This work 
exercised a great influence on the diflfusion of tnatliematical and physic- 
al sciences toward the beginning of the sixteenth century, and t/ux»les, 
the learned author of VAper^ Historique de$ Mithodei en GiomHr^^ 
(1837), has shown the grout iin|M)rtance of Reisch's Encyclopedia in 
the history of mathematics in the Middle Ages. I have hud recourse 
to a (Missttgu ill the MargarUa PhUosophtca, found onlv in the uditi<in 
of 1513, to elucidate tlio iinitortimt (luostion of tiio relations botwecu 
tlie statements of the geographer of 8aint-Die, Ilylucomihis (Martin 
WaldseomUUur), tlio tiiist who gave tho name of America to the New 
Oontinent, and thoso of Amerigo Vespucci, Rcn6, Kin^ of Jerusalem 
and Duke of Lorraine, as also those contained in the celebrated editions 
of Ptolemy of 1513 and 1522. See my Examen Critique de la (160- 
graphic du Nouveaii ConHnent, et dee Progrie de VAelronomie NauUque 
MUX 15tf a liie SUelee, t. iv., p. 99-125. 

f Amp6ro, Eetai tut la Phil, dee Seieneee, 1834, p. 25. Whewell, 



INTRODUCTION. 50 

The leleotion of an inappropriate Greek nomenclature has per- 
hape been even more prejudicial to the last of these attempts 
than the injudicious use of binary divisions and the exoesnva 
multiplication of p^roups. 

The pliysical description of the world, considering the uni- 
verse as an object of the external senses, docs undoubtedly re- 
f|uiro the aid ol* general physics and of descriptive natural histo- 
ry, but the contemplation of all created things, which are linked 
together, and fonn one wMe, animated by internal forces, gives 
to the science we are considering a peculiar character. Phys- 
ical science considers only the general properties of bodies ; it 
is the product of abstraction — a generalization of perceptible 
phenomena ; and even in the work in which were laid the 
first foundations of general physics, in the eight books on 
physics of Aristotle,* all the phenomena of nature are consid- 
ered as depending upon the primitive and vital action of one 
sole force, from which emanate all the movements of the uni- 
verse. The terrestrial portion of physical cosmography, fi>r 
which I would willingly retain .the expressive designation of 
physical geograpfiy, treats of the distribution of magnetism in 
our planet with relation to its intensity and direction, but does 
not enter into a consideration of the laws of attraction or re- 
pulsion of the poles, or the means of eliciting either permanent 
or transitory electro-magnetic currents. Physical geography 
depicts in broad outlines the even or irregular configuration of 
continents, the relations of superficial area, and the distribution 
of continental masses in the two hemispheres, a distribution 
which exercises a powerful influence on the diversity of climate 
and the meteorological modifications of the atmosphere ; this 
science defines the character of mountain chains, which, hav- 
ing been elevated at different epochs, constitute distinct sys- 
tems, whether they run in parallel lines or intersect one an- 
other ; determines the mean height of continents above the 
level of the sea, the position of the center of gravity of their 
volume, and the relation of the highest summits of mountain 
chains to the mean elevation of their crests, or to their prox- 
imity with the sea-shore. It depicts the eruptive rocks as 
principles of movement, acting upon the sedimentary rooks by 
traversing, uplifVing, and inclining them at various angles ; it 

Pkilotopkf of the Imdmetwe Seiencett ▼ol* H.. p. 277. Park, Pa ni oUg f ^ 
p. 87. 

* All clMnget in tlio phyiicnl world mny be redooed to motioB. 
ArisUit., Phys. Auae., iii.. 1 and 4, p. 200, 201. Dokkcr, Tiii., 1, 8, Uld 
9, p. 250. 262. 265. De Oenere H Corr,, ii., 10, p. 336. Pteodo-Ari^ 
%iC., Dt Mundo, unp. ▼!., p. 398. 
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eonsiden volcanoes either as isolated, or ranged in single or in 
double series, and oxtonding their sjdicro of action to varioui 
distances, either by raising long and narrow linos of rocks, or 
by means of circles of commotion, which expand or diminish 
in diameter in the course of ages. This terrestrial portion ot 
the science of the Cosmos describes the strife of the liquid ele- 
ment with the solid land ; it indicates the features possessed 
in common by all great rivers in the upper and lower portion 
of their course, and in their mode of bifurcation when theii 
basins are unclosed ; and shows us rivers breaking through 
the highest mountain chains, or following for a long time 9 
course parallel to them, either at their base, or at a consider 
able distance, where the elevation of the strata of the mount- 
ain system and the direction of their inclination correspond 
to the configuration of the table-land. It is only the genera) 
results of comparative orography and hydrography that belong 
to the science whose true limits I am desirous of determining, 
and not the special enumeration of the greatest elevations oi 
our globe, of active volcanoes, of rivers, and the number of 
their tributaries, these details falling rather within the domain 
of geography, properly so called. We would here only con 
sider phenomena in their mutual connection, and in theur r& 
lations to diflerent zones of our planet, and to its physical con 
stitution generally. The specialities both of inorganic and or 
ganized matter, classed according to analogy of form and com 
position, undoubtedly constitute a most interesting branch of 
study, but they appertain to a sphere of ideas having no affin- 
ity with the subject of this work. 

The desoription of diflerent countries certainly furnishes us 
with the most important materials for the composition of a 
physical geography ; but the combination of these diflerent 
descriptions, ranged in series, would as little give us a tru€ 
image of the general conformation of the irregular surface of 
our globe, as a succession of all the floras of diflerent rogioiu 
would constitute that which I designate as a Geograp/iy of 
Plants. It is by subjecting isolated observations to the procesi 
of thought, and by combining and comparing them, that wn 
are enabled to discover the relations existing in common be 
tween the climatic distribution of beings and the individuality 
of organic forms (in the morphology or descriptive natui%l his- 
tory of plants and animals) ; and it is by induction t) at we 
are led to comprehend numerical laws, the projiortion of nat 
ural families to the whole number of species, and to designate 
the latitude or geographical position of the zones in whose 
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plains each orfninio fonn attains tho maximum of its develop- 
ment. Coivsiacrations of this naturo, by their tondonov to 
generalization, impress a nobler character on tho physical de- 
scription of tho globe, and enable us to understand how the 
aK|KM;t of tho scenery, that is to say, the impression produced 
n|Kin the mind by the physiognomy of the Togctation, depends 
upon the local distribution, the number, and the luxuriance of 
growth of the vegetable forms predominating in tho general 
mass. The catalogues of organized beings, to which was foi^ 
roerly given the pompous title of Systems of Nature, present 
us with an admirably connected arrangement by analogies of 
structure, either in the perfected development of these beings, 
or in the diflerent phases which, in accordance with the views 
of a spiral evolution, affect in vegetables the leaves, bracts, 
calyx, coroUa, and fructifying organs ; and in animals, vnth 
more or less symmetrical regularity, the cellular and fibrous 
tissues, and their perfect or but obscurely developed articula- 
tions. But those pretended systems of nature, however ingen' 
ious their mode of classification may be, do not show us oi^ 
ganic beings as they are distributed in groups throughout our 
planet, according to their diflerent relations of latitude and 
elevation above the level of the sea, and to climatic inAuences, 
which are owing to general and oflon very remote causes. 
Tho ultimate aim of physical geography is, however, as we 
have already sni«l, to roeogiiize unity in tho vast diversity of 
phenomena, and by the exorcise of thought and tho ooinbina- 
tion of observations, to discern the constancy of phenomena 
in the midst of apparent changes. In the exposition of the 
terrestrial portion of the Cosmos, it will occasionally bo neces- 
sary to descend to very special facts ; but this will only be in 
order to recall the connection existing between the actual dis- 
tribution of organic beings over the globe, and the laws of the 
ideal classification by natural families, analogy of internal or- 
ganization, and progressive evolution. 

It follows from those discussions on the limits of tho various 
sciences, and more particularly from the distinclion whioh must 
necessarily be iiiaJo between descriptive botany (morphology 
of vegetables) and the geography of plants, tliat in the phys 
ical history of the globe, the innumerable multitude of organ- 
iied bodies which embellish creation are considered rather ac- 
cording to zones of habitation or stations, and to diflbrently 
inflected isoUiermal bands, than with reference to tho princi- 
ples of gradation in the development of internal organism. 
Notwithstanding this, botany and loologj, whioh constitatt 
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the t«u. .'v'\^ .atural history of all organized beings, are the 
fruitful MiUices whenco we draw the materials necessary to 
give a solid basis to thv/ study of the mutual relations and 
connection of phenomena. 

We will here subjoin oue important observation by way of 
elucidating the connection of which we have spoken. The 
first general glance over the vegetation of a vast extent of a 
coutinont shows us forms the most dissimilar — GraminecD and 
Orchidcffl, Conifer® and oaks, in local approximation to one 
another ; while natural families and genera, instead of being 
locally associated, are dispersed as if by chance. This disper- 
sion is, however, only apparent. The physical description of 
the globe teaches us that vegetation every where presents nu- 
merically constant relations in the development of its forms 
and tvpes ; that in the same climates, the species which are 
wanting in one country are replaced in a neighboring one by 
other species of the same family ; and that this lata of substt- 
tution, which seems to depend upon some inherent mysteries 
of the organism, considorea with reference to its origin, main- 
tains in contiguous regions a numerical relation between the 
species of various great families and the general mass of the 
phanerogamic plants constituting the two floras. We thus 
find a principle of unity and a primitive plan of distribution 
revealed in the multiplicity of the distinct organizations by 
which these regions are occupied ; and we also discover in 
each zone, and diversified according to the farailios of plants, 
a slow but continuous action on the aerial ocean, depending 
upon the influence of light — the primary condition of all or- 
ganic vitality — on the solid and liquid surface of our planet. 
It might be said, in accordance with a beautiful expression of 
Lavoisier, that the ancient marvel of the myth of Prumetheus 
was incessantly renewed before our eyes. 

If we extend the course which we have proposed, following 
in the exposition of the physical description of the earth to the 
sidereal part of the science of the Cosmos, the delineation of 
the regions of space and the bodies by which they are occupied, 
we shall find our task simplified in no common degree. If, ac- 
cording to ancient but unphilosophical forms of nomenclature, 
we would distinguish between physics, that is to say, geneial 
considerations on the essence of matter, and the forces by which 
it is actuated, and chemistry, which treats of the nature of 
substances, their elementary composition, and those attrac- 
tions that are not determined solely by the relations of mass, 
we must admit that the description of the earth comprises at 
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Mwe pkfdoal aad ikemioal aetioiii. In additkn to gmit»> 
tioo, whieh mast be cooddend as a primitiTe ioroe in nature, 
we obserre that attraetioiis of another kind are at work aronnd 
OS, both in the interior of oar planet and on its sarfaoe. These 
ferees, to which we apply the term chemical afinity^ act upon 
molecales in contact, or at infinitely minute distances from one 
another,* and which, being diflcrentlj modified by eleotricity» 
heat, condensation in porous bodies, or by the contact of an 
inlennediate substance, animate equally the inorganic world 
and animal and regetable tissues. If we except the small 
asteroids, which appear to us under the forms of aerolites and 
shooting stars, the regions of space hare hitherto presented to 
our direct obsenration physical phenomena alone ; and in the 
case of these, we know only with certainty the eflccts depend- 
ing upon the quantitatiTo relations of matter or the distribu- 
tion of masses. The phenomena of tho regions of space may 
consequently bo considered as influenced by simple dynamical 
laws — the laws of motion. 

The eflects that may ariso from tho specific difleronce and 
the heterogeneous nature of matter have not hitherto entered 
into our calculations of the mechanism of the heavens. The 
only means by which the inhabitants of our planet can enter 
into relation with the matter contained within the regions of 
space, whether existing in scattered forms or united into largo 
spheroids, is by tho phenomena of light, tho propagation of 
laminous waves, and by the influence uniTorsally exercised by 
the force of gravitation or tho attraction of mosses. The ex- 
istence of a periodical action of the sun and moon on tho ra- 
riations of terrestrial magnetism is even at the present day 
extremely problematical. We have no direct experimental 
knowledge regarding the properties and speciBo qualities of 
the masses circulating in space, or of tho matter of which they 
aro probably composed, if wo except what may be derived from 
tlio fall of acnUitcs or meteoric stones, wliirli, as wo have al- 
ready observed, enter within the limits of our terrestrial sphere. 
It will be sufficient hero to remark, that the direction and tho 
excessive velocity of projection (a velocity wholly planetary) 
manifested by these masses, render it more than prooablo that 

* On the qiic«tiun already diaruMrd by Npwton, rernnling the difler* 
race existing t>etwe(*n i\w attraction of maflaet and molecular attractioa, 
•ee I^nUoe, Erposititm dm Syttime dm Monde, p. 384. and ttipplement 
to book X. of the Meranitjite Cilente^ p. 3, 4; Knut. Mttapk. Anfnngt' 
gr^nde der StUmrwittiuekmfi, Sdm. Il>ri«. 1839, bd. v.. t. 309 (Meta. 
phTtical Priiiciplea of the Natnrml Scienoea) ; Pectet, Pkfd^t, 1838» 
vol. i., p. 59-63. 
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they are small celestial bodies, which, being attracted by our 
planet, are made to deviate from their original course, and thus 
reach the earth cuveloj)cd in va]M)rs, and in a liigh state of 
actual incandescence. The familiar aspect of these asteroids, 
and the analogies which they present with the minerals com- 
posing the earth's crust, undoubtedly afibrd ample grounds for 
surprise ;* but, in my opinion, the only conclusion to be drawn 
from these facts is, that, in general, planets and other sidereal 
masses, which, by the influence of a central body, have been 
agglomerated into rings of vapor, and subsequently into sphe- 
roids, being integrant parts of the same system, and having 
one common origin, may likewise be composed of substances 
chemically identical. Again, experiments with the pendulum, 
particularly those prosecuted with such rare precision by Bes- 
sel, confirm the Newtonian axiom, that bodies the most hete- 
rogeneous in their nature (as water, gold, quartz, granular 
limestone, and difleront masses of aerolites) experience a per- 
fectly similar degree of acceleration from the attraction of the 
earth. To the experiments of the pendulum may be added 
the proofs furnished by purely astronomical observations. The 
almost perfect identity of the mass of Jupiter, deduced from the 
influence exercised by this stupendous planet on its own satel- 
lites, on Encke's comet of short period, and on the small planets 
Vesta, Juno, Ceres, and Pallas, indicates with equal certain- 
ty that within the limits of actual observation attraction is 
determined solely by the quantity of matter. t 

This absence of any perceptible diflerence in the nature of 
matter, alike proved by direct observation and theoretical de- 
ductions, imparts a high degree of simplicity to the mechanism 
of the heavens. The immeasurable extent of the regions of 
space being subjected to laws of motion alone, the sidereal 
portion of the science of the Cosmof is based on the pure and 
abundant source of mathematical astronomy, as is the terres- 
trial portion on physics, chemistry^ and organic morphology ; 
but the domain of these three last-named sciences embraoes 

* [Tiio anulynji) of on aOrolito which foil a few years since in Mury 
land, United Suites, and was examined hy Professor Silliman, of New 
Haven, Oouuecticut, gave the following results: Oxyd of iron, 24; ox- 
yd of nickel, 1*25; silica, witii earthy matter, 3*40; sulphur, a trnco 
=287 1. Dr. MuntcU's Wondert of Geology, 1848, vol. i., p. 5 1 .]— 2V. 

t I'oisson, ConnaUianeet de» Temps pour V Annie 183G, p. G4-6G. 
DuBsel, I'oggeudorf 's Anrnden, bd. xxv., s. 417. Eucke, Abhandlungcn 
der Berliner Academic (Truns. of the Berlin Academy), 182G, s. 2'JI. 
Mitscherlich, Lehrbuek der Chemie (Manual of Ohomistry), 1837 bd u 
s. 352. 
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the consideration of phenomona which are lo complicate^ 
and have, up to the preaont time, hoen found lo little lutoep- 
tible of tho application of rigoroui molhod, that the physical 
science of the earth can not boost of the same certainty and 
siinpHcity in tho ox|iosition of facts and their mutual connec- 
tion which charactorizo the celestial portion of tho Cosmos. 
It is not improbahlo that the difleronoe to which we allude 
may furnish an explanation of the cause which, in tho oarliest 
ages of intellectual culture among the Greeks, directed the 
natural philosophy of tho Pythagoreans with more ardor to tho 
heavenly bodies and the regions of space than to the earth 
and its productions, and how through Philolaiis, and subse- 
quently through the analogous views of Aristarchus of Samos, 
and of Seleucus of Erythrca, this science has boon made more 
conducive to the attainment of a knowledge of tho true system 
of the world than the natural philosophy of tho Ionian school 
could ever be to the physical history of the earth. Giving but 
little attention to the properties and specific diflerenees of 
matter Ailing space, the great Itahan school, in its Doric 
gravity, turned by preference toward all that relates to meas- 
ure, to the form of oodies, and to the number and distances of 
the planets,* while the Ionian physicists directed their atten 
tion to the qualities of matter, its true or supposed metamor 
phoses, and to relations of origin. It was reserved for the 
imwerful genius of Aristotle, alike profoundly speculative and 
practical, to sound with equal success the depths of abstraction 
and the inexhaustible resources of vital activity pervading Ukt 
material world. 

Sevcrr.l highly distinguished treatises on physical googra|#hy 
are prefaced by an introduction, whose purely astronomical 
sections are directed to the consideration of the earth in its 
planetary dcfiendcnce, and as constituting a part of that gieat 
system which is animated by one central body, the sun. ibis 
course is diainotrically opposed to tho one which I propose 
following. In order adequately to estimate the dignity oi the 
Cosmos, it is requisite that the sidereal portion, termed by 
Kant the natural history of Uie licaveM, should not be made 
subordinate to the terrestrial. In the science of the Coinios, 
according to the expression of Aristarchus of Samos, the pio- 
neer rf the Copemican system, the sun, with its sateiliws, 
was nothing more than one of the innumerable stars by which 
space is occupied. The physical history of the world must, 
therefore, begin with the description of the heavenly bodies. 
* Oompsrv Otfried MaUer's D^rUm, bd. t, s. 9C5. 
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and with a geographical sketch of the universe, or, I would 
rather say, a true map of Hie worlds such as was traced by 
the bold Imnd of the elder Herschel. If, notwithstanding the 
srnalhiess of our planet, the most considerable space and the 
roost attentive consideration be here aflbrded to that which 
exclusively concerns it, this arises solely from the disproportion 
in tlio uxtoat of our knowledge of that which is accossiblu and 
of that which is closed to our observation. This subordina- 
tion of the celestial to the terrestrial portion is met with in the 
great work of Bernard Varenius,* which appeared in the mid- 

* Oeographia Oeneralit in qua afftcliontt generala telluru expli- 
eatUur. Tlio oldont Elzovir cditiuii beura duto 1650, tlie second 1672, 
aud the thud 1681 ; tbeno wera published at Cambridge, under New- 
ton's supervision. This excelleut work by Varenius is, in the true 
sense of the words, a physical description of the earth. Since the work 
Hiatoria Natural de Uu Indias, 1590, in which the Jesuit Joseph de 
Acosta sketched in so masterly a manner the delineation of the New 
Ooutineut, quustions rolutiug tu the physical history of tho earth huvu 
never boon considorod with such admirable generality. Acosta is rich- 
er iu original observations, while Varenius embraces a wider circle of 
ideas, since his sojourn in Holland, which was at that period tho center 
of vast commorciul rulatious, hud brought him iu cuutact with a groat 
number of well-informed travelers. Oeneralit tive Universalis Oeo* 
graphia dieiiur qua teUurem in genere considerat aique affectioncs ex* 
plicatt non habila parlicularium regionum ralione. The general de- 
scription of the earth by Varenius (Pars AbsoltUa, cap. i.-xxii.) may be 
considered as a treatise of comparative geography, if we adopt the term 
used by the author himaeU (Oeographia Comj^aro^fva, cap. xxxiii.-xl.), 
although this must be understood in a limited acceptation. We may 
cite the following among the most remarkable passages of this book : 
the enumeration of the systems of mountains ; tlie examination of the 
relations existing botwoen thoir directions and tho general form of con- 
tuioats (p. 66, 76, cd. Onutab., 1681); u list of oxUucl>volcttuooH, and 
iiuch us wuru still in a statu of activity ; tho discussion of facts rulutivo 
to tlie general distribution of islands and archipelagoes (p. 220) ; tho 
depth of the ocean relatively to the height of neighbonng coasts (p. 103) ; 
the uniformity of level observed in all open seas (p. 97) ; the depend* 
ence of currents on the prevailing winds ; the unequal saltness of the 
sea; the configuration ol shores (p. 139); the direction of the winds as 
the resnlt of ditroruncos of temperature, &c. We may further instance 
the roiuarkublo cimsidorutions of Voronius regarding tho equinoctial 
current from east to west, to which he attributes the origin of the Gulf 
Stream, beginning at Cape St. Au^ustin, and issuing Ibith between 
Cuba and Florida (p. 140). Nothiug can be more accurate than his 
description of the current which skirts the western coast of Africa, be* 
tween Cape Verde and the island of Fernando Po in the Gulf of Guinea. 
Varenius explains the formation of sporadic islands by supposing them 
lo be " tlie raised bottom of the sea :" magna spiriluum inelusorum vi, 
neut aliquando monies e ferra prolnsos esse quidam scrUmnt (p. 225). 
The edition published by Newton in 1681 (auelior el emcndalior) un- 
fortuiuitoly contains no ailditions from this groat authority ; and there 
la not even mention made of tlie polar compression of the globe, al* 
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Ao oTtha •oreniocntli ocnlnrr. Ho was ilic finit to 
b et w e e n general and special geograjihff, the fonncr of wbioh 
he eobdiTidee into an atttoluie^ or, propeiij speaking, term- 
inal part, and a reUuive or planetary portion, aooording tc 
the nxMle of considering our planet either with reference to its 
■oriaoe in its diUcrent zones, or to its relations to the sun and 
moon. 1 1 redounds to the glory of Varouius that his work on 
General and Comparative GeograjJ^y should in so high a 
degree have arrested the attention of Newton. The inipei^ 
feet state of manj of the auxiliary sciences from which this 
writer was obliged to draw his materials prevented his work 
(kom corresponding to the greatness of the design, and it was 
res er ved for the present age, and for my own country, to see 
the delineation of comparatiTc geography, drawn in its full 
extent, and in all its relations with the history of man, by the 
skillful hand of Carl Hitter .• 

The enumeration of the most important results of the as- 
tronomical and physical sciences which in the history of the 
Cosmos radiate toward one common focus, may perhaps, to a 
eertain degree, justify the designation I have gircn to my 
work, and, considered within the circumscribed limits I hare 
proposed to myself, the undertaking may be esteemed less ad- 
Tenturous than the title. The introduction of new terms, es- 
pecially with reference to the general results of a science which 

tboogh tbe ezperimcnU on the pendulam by Uicli«r bad be«n made 
nine yean prior to the appeorance of the Cambridge edition. Newton's 
Prtneipia Matkematica PkiUmfpkim N€iimr€Uii were not commanicated 
in nHuiaacript to tho Royal Society until April, 168G. Much uncer- 
tain^ ■eoma to prevail rognnlitig tbe birtli^ploco of Varotiiua. Jvcher 
layi it was England, wbile, according to La Bwgrapkit VmiwtrtttU 
f b. zlvii., p. 495), be is stated to bare been bom at Amsterdam ; but 
It would appear, from tbe dedicatory address to the burgomaster ol 
that city (see bis Oeograpkia Comtparaiifa), that both suppositions are 
felse. Varpnius expressly says that be had sought refuge in Amsterdam. 
*' because bis native city bail been bnmcd and completely destroyed 
during a long war," words which appear to apply to the north of uer> 
many, and to the devastations of the Tliirty Years' War. In his dedic»- 
tMNi of another work, Descripiio regni Jap(mi4t (Amst., 1649), to the 
Senate of Ilnmburgli, Varcnius says tliat ho pnisocutod his elementary 
mathematical studies in tlio gymnasium of Uiat city. Tliero is, there- 
Tom, every reason to beliovo that tliis ndmirablo f^eoemnhor was a 
native of Gcrmnny. and was prolmbly born at Luncburg ( IVitifn. Mtm* 
Tkeol, 1685, p. 2142; Zedler, UnimrmU Ltxicmt, vol. xlvi., 1745, p. 
187). 

* Carl Hitter's Erdkumfle im VerkalimisM xmr Saimr mnd tur OetckkkU 
i^ Memtcken, oder atlffemeime vergteieke^de Oeegrapkie f Geography in 
relation to Nature and tlie Hbu»ry c' Man, or general Comparative 
Oeographyi- 
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ought to bo accessible to all, has always been greatly in oppo 
sition to my own practice ; and whenever I have enlarged 
upon the established nomenclature, it has only been in the 
speciahties of descriptive botany and zoology, where the in- 
troduction of hitherto unknown objects rendered new names 
necessary. The denominations of physical descriptions of the 
universe, or physical cosmography, which I use indiscrimin- 
ately, have been modeled upon those of jjA^sica/ descrijUUms 
of lite earth, that is to say, pliysicdl geography, terms that 
have long been in common use. Descartes, whoso genius was 
one of the most ])owerful manifested in any age, has left us a 
few fragments of a great work, which he intended publishing 
under the title of Mamie, and for which he had prepiirod him- 
self by special studies, including even that of human anatomy. 
The uncommon, but deAnite expression of the science of tlie 
Cosmos recalls to the mind of the inhabitant of the earth that 
wo are treating of a more widely-extended horizon — of the 
assemblage of all things with which space is filled, from the 
remotest nebula) to the climatic distribution of those delicate 
tissues of vegetable matter which spread a variegated cover- 
ing over the surface of our rocks. 

The influence of narrow-minded views pecuhar to the ear- 
lier ages of civilization led in all languages to a confusion of 
ideas in the synonymic use of the words earth and world, 
while the common expressions voyages round tlie world, map 
of tlie tvorld, and new world, aflbrd further illustrations of the 
same confusion. The more noble and precisely-defined ex- 
pressions of system of tlie tvorld, tlie planetary toorld, and 
crcatiun and age of tlie world, relate either to the totality of 
the substances by which space is filled, or to the origin of the 
whole universe. 

It was natural that, in the midst of the extreme variability 
of phenomena presented by the surface of our globe, and the 
aerial ocean by which it is surrounded, man should have been 
impressed by the aspect of the vault of heaven, and the uni- 
form and regular movements of the sun and planets. Thus 
the woixl Cosmos, which primitively, in the Homeric ages, in- 
dicated an idea of order and harmony, was subsequently adopt- 
ed in scientific language, where it was gradually applied to 
the order observed in the movements of the heavenly bodies, 
to the whole universe, and then finally to the world in which 
this harmony was reflected to us. According to the assertion 
of Philolaiis, whoso fragmentary works have been so ablv com- 
mented upon by Bockh, and conformably to the general testi- 
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monv of antiquity, Pythagoras was the first who used the 
word Cosmos to designate the order that reigns in the uni- 
Terse, or entire world.* 

* K6a/iO(, in the most ancient, and at thd Mme time most precise, 
defiaidou of the word, siffnified omameni (as an adornment for a man, 
a woman, or a horse) ; taken figuratively for rt;raf/a, it implied the oi^ 
der or adornment t>f a discourse. Acconling to Uio testimony of all the 
ancients, it was Pythagoras who first used the word to dosiKnate the 
onlor in tlio univorso, and the uniTorso itself. Pythagoras leff no writ* 
ings ; but ancient attostatiou to tlio truth of tliis nssortion is to ho found 
in seTcral iNissoges of tlie fragmentary works of PhilolnQs (Stnb., JSclog., 
p. SCO aiwl 4C0, llooron), p. 62, 00, in OOckh's Ocrman edition. I do 
not, according to tho exoraiile of Nfiko, cito Timtcus of Locris, since his 
authenticity is doubtful. Piuturch {De piac. Pki7,t ii*» 1) >ayB, in Uie 
most express manner, that Pythagoras gavo the name of Cosmos to the 
univomo on account of tlio onlor which roigiicd fhrongliout it; so like- 
wiso di>oi« (hiUm (IIul. Phii., p. 420). This wonl, togotlM^r willi its 
novul signification, imsmHl fnim thu schools of philosophy into tlio lan« 
guago of |N»oti niid pniso writers. Pliito designates the Iioavenly bod- 
ies by tho name of l/ranot, but the order pervading tlie regions ofsiNico 
be too terms tho Cosmos, and in his 2Hman» (p. 30, a.} he says tkat tk§ 
world u an itnimal endowed wUk a toui {icdafiov (^uov i/i^fntxov). Com- 
pare Anaxag. Clax., ed. Schaubach, p. Ill, and Plat. {De plae, Pkii., 
li., 3), on spirit aftart from matter, as the ordaining power of nature. 
In Aristotle (^De CcbIo^ 1, 9). Cosmos signifies " the universe and the 
order pervadmg it," but it is likewise considered as divided in space 
into two ports — tho sublunary world, and the world obove tlie moon. 
(Meteor., I.. 2, 1, and I., 3, 13, p. 339, a, and 340, b, Bckk.) The def- 
inition of Cosmos, which 1 have already cited, is taken from Psoudo-Ar 
istoteles de Mundo, cap. ii. (p. 391); Vte passage referred to is as fol- 
lows : Kdofio^ karl a^nifta l( ovpavoO koI y^f gal ruv kv tovtoi( nepit- 

5ofiivu¥ fvaeuv. Kiytrai 6i gal hfipt^ KbaXn^ i/ tqv bXuv ru^tc ^f koI 
laMdc/itioi^, vnb deuv re nai 6^d ^liiv fvXarrofiivfi, Most of the pos- 
sagos occurring in Greek writers en tho word Cosmos may bo foniid 
collected togotjior in tho controversy between Itichard Ueutley and 
Charles Doyle {OpHseuln PkHologica, 1781, p. 317, 415; DisserUdiom 
upon the Epistles of Phalaris, 1817, p. 254) ; on tlie historical existence 
of Znlencns, legislator of Ix^ncris, in Nake's excellent work, Sektd. 
Crit.t 1812, p. !), 15; and. finally, in Tlirophihis Schmidt, nd Cleom, 
Cjtd. Tkeor,, mot. I., 1, p. ix., 1, and 99. Taken in a more limited 
a«miie, the word Cosmos is also usoil in tlie iilund (Pint., 1, 5), either to 
designate the stars (Stob., 1, p. 514 ; Plut., 11, 13), or tlie innumcrnble 
systems scattered like islnnds throuffh the immensity of s|iaro, and each 
oom|Nmo4l of a sun and a imMin. (Annx. CInr... Frogm., p. 89, 93, 120; 
Brandis. Oesek, der GrUekisrh-UdmUeken PkUosopkie, b. i., s. 252 (llia- 
tory of the Groco-Boman Philosophy). Eoch of tliese groups forming 
thus a Cosmos, the universe, rh irdy, the word must be understood in a 
wider sense (Plut., ii., 1). It was not until long a(U»r the time of the 
Ptolemies that the word was applied to the earth. Bftckh has made 
known inscriptions in prnise of Trsjnn and Adrian (Corpus Inser. Orwe., 
1, n. 334 and 1036), in which K6afAo^ occurs for ouov/i(vi7, in tlie same 
manner as we still use the term wortd to sisnify the earth alone. We 
have already mentioood the singuUr diriatoa of the regioiis of spice 
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From the Italian soliool of philosophy, the expressioii paBB» 
ed, in this sigiiification, into tho languago of thoso early poets 

into Uiruo iNirln, tlio Olifmput^ CoMtnos, uiiil Ourt$not (Stob., i., p. 488; 
I'hilolaUSf p. 94, 202) ; thi« divisiou applies to the diflerent regions sur 
roundiug that mysterious focus of the universe, the 'Ear/a tov wavrdt 
of the Pythagoreans. In the fragmentary passage in which this divi- 
sion is found, the term Ouranot designates the innermost region, situ- 
ated between tiie moon and oailh ; this is tho domain of changing 
things. Tlie middle romou, where the planets circulate in an iuvuria^ 
ble and harmonious order, is, in accordance with the special concep- 
tions entertained of tlie universe, exclusively termed Cotmot, while the 
word OlympUM is used to express the exterior or igneous region. Bopp, 
the nrofouiid philologist, has remarked, tliat we may deduce, as Pott 
has done, Elymol. Forachuugent th. i., s. 39 and 252 (EtymoL Retcarch' 
e»)t the word^^ Kda^oc from the Sanscrit root *tud*tpurificarit by assum- 
ing two conditions; Brst, diat the Greek k in koo/jioc comes from the 
palatial f , which Bopp represents by 's and Pott by f (in the same man- 
ner as dixa, decern, taihun in Gothic, comes from the Indian word dd- 
ean), and, next, that tho Indian cT corroenonds, as a gonoral rule, with 
Uie Greek ( Vergldehende Orammalik, f 99 — Oomparative Grammar), 
which shows the rotation of icbafio^ (for KoOfio^) with the Sanscrit root 
'stoT, whence is also derived KoOafid^. . Another Indian term for tho 
world is gagal (pronounced d$ckagai),v/\\\c\i is, properly speaking, tho 
present participle of tho verb gagdmi (I go), Uio root of which is gd. 
In restricting ourselves to the circle of Hellenic etymologies, we hnd 
(EtymoL if., p. 532, 12) that xdcfio^ is intimately associate with kuQj, 
or rather with Katvvfiai, whence we have Kexacfiivoc or KexaSfiivof. 
Welcker (Ewe Kretitehe Col, in Theben, s. 23 — A Cretan Oulony in 
Thebes) combines with this the name KuJ^of, as in Ilosychius Kadfio^ 
signifies a Cretan suit of arms. When the scieutiGc language of Greece 
was introduced among the Romans, the word mundiu, which at first had 
only the primary meaning ofKOOfio^ (female ornament), was applied to 
designate the entire universe. Ennius seems to have been the first 
who ventured upon tliis innovation. In one of tlie fragments of this 
poet, preserved uy Macrobius, on the occasion of his quarrel with Vir- 
gil, we find the word used in its novel mode of acceptation : "Mundue 
eali vattui eomlUU tilentio" (Sat., vi., 2). Cicero also says, ** Quern not 
lucentem tnundum voeamut'* (Timsus, S. de Univer., cap. x.). The 
Sanscrit root mand, from which Pott derives the Latin tnundug (Eiym. 
Fartch., th. i.,s. 240), combines the double signification of shining and 
adorning. I^ka designates in Sanscrit the world and people in general, 
in the same muinior as the French word wumde, and is derived, accord- 
ing to Depp, from idk (to see and shine); it is die same with the Scla- 
vonic i-oot $wjei, which moans both light and world. (Grimm, Deutsche 
Oramm., b. lii., s. 394 — Gurnmn Gruniniur.) Tho word welt, which 
the Germans make uao of at tlio present day, and which was weralt in 
old Gorman, worold m old Saxon, and 9iiruld in Ang k>-Suxon, was, ac- 
cording to James Grimm's interpretation, a period of time, an age (««- 
eulum)t rather than a term used for the world in space. The Etruscans 
figured to themselves mundut as an inverted dome, symmetrically op> 
])osed to tlie celestial vault (Otfi-ied Mttller*s Elruiken, th. ii., s. 96, 
&c.). Taken in a still more limited sense, the word appears to hava 
signified among tlie Goths tho terrestrial surface girded by seas {marut 
sMTt), the merigard, literally, garden of teat. 
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of nature, Pannenidcs and Empedocles, and from thenco into 
the works of proio writers. Wo will not here enter into a 
diseussion of the manner in whieh, according to the Pythago- 
rean views, Philolaus distinguishes between Olympus, Uranus, 
or the heavens, and Cosmos, or how the same word, used in 
a plural sense, oould be applied to certain heavenly bodies 
(the planets) revolving round one central focas of tho world, 
or to groups of stars. In this work I use the word Cosmos in 
conformity with tho Ilellenio usage of tho term subsequently 
to the time of Pythagoras, and in accordance with the precise 
definition given of it in the treatise entitled De Mundo, which 
was long erroneously attributed to Aristotle. It is the assem- 
blage of all things in heaven and earth, the universality of 
created things constituting the perceptible world. If scientifio 
terms had not long been diverted from their true verbal sig- 
nifioation, the present work ought rather to have borne the 
title of Cosmography^ divided into Uranography and Gtog" 
raphy. The Romans, in their feeble essays on philosophy, 
imitated the Greeks by applying to the universe tho term 
mundtis, which, in its primary moaning, indicated nothing 
more than ornament, and did not even imply order or regu- 
larity in the disposition of parts. It is probable that the in- 
troduction into the language of Latium of this technical term 
as an equivalent for Cosmos, in its double signification, is due 
to Ennius,* who was a follower of the Italian school, and the 
translator of the writings of Epioharmus and some of his pu 
pils on the Pythagorean philosophy. 

We would first distinguish between the physical history and 
tho physical (Ascription of the world. The former, conceived 
in the most general sense of the word, ought, if materials foi 
writing it existed, to trace the variations experienced by the 
universe in the course of ages from the new stars which have 
suddenly appeared and disappeared in the vault of heaven, 
from ncbuln dissolving or condensing — to the first stratum of 
cryptogamic vegetation on the still imperfectly cooled surface 
of the earth, or on a reef of coral uplifled from the depths of 
ocean. The physical description of the toorld presents a pic- 
ture of all that exists in space— of tho simultaneous action of 

* S«e, on Eonius, th« ingenioos retearcbes of Leopold Krmhner, in 
htf OrwuUmie% but GesekiekU dm VtrfmUt d^r R^miteksm StmaU-ReU 
m», 1837, t. 41-45 (OaUinM tif tho Htstonr of tho [>ec«y of tho Bttab 
nthoil Roligion mnoiig Uic Rimuint). In all pmbnbility, EniiiuJiiliil iM>t 
quote from wntiiigt tif Bpicluinniii himaolf, bnt from tiooHit c«>in|Hjacd 
m the name of that pbiloeopber, and in aooordance with bit Tiews 



/ 



\ 



72 oosMoa. 

natural forceSi togethor with the phenomena which they pro- 
duce. 

But if wo would correctly comprehend nataroj wo must not 
eutirely or abttulutuly (Mspurute the coiuiiduratiou of the preacnt 
Btute of tilings from that of the successive phases through 
which they have passed. We can not form a just conception 
of their nature without looking back on the mode of their fur- 
luatiun. It is not organic matter alone that is continually un- 
dergoing change, and being dissolved to ibrm new combina- 
tions. The globe itself reveals at every phase of its existenoo 
the mystery of its former conditions. 

We can not survey the crust of our planet without recog- 
nizing the traces of the prior existence and destruction of an 
organic world. The sedimentary rocks present a succession 
of organic forms, associated in groups, which have successive- 
ly displaced and succeeded each other. The diflerent super 
imposed strata thus display to us the faunas and floras of dif- 
ferent epochs. In this sense the description of nature is inti 
mately connected with its history ; and the geologist, who is 
guided by the connection existing among the facts observed, 
can not form a conception of the present without pursuing, 
through countless ages, the history of the past. In tracing 
the physical delineation of the globe, we behold the present 
and the past reciprocally incori)oratcd, as it were, with one 
another ; for the domain of nature is like that of languages, in 
which etymological research reveals a successive development, 
by shownig us the primary condition of an idiom reflected in 
the forms of speech in use at the present day. The study of 
the material world renders this reflection of the past peculiar- 
ly manifest, by displaying in the process of formation rocks of 
eruption and sedimentary strata similar to those of former 
ages. If I may be allowed to borrow a striking illustration 
from the geological relations by which the physiognomy of a 
country is determined, I would say that domes of trachyte, 
cones of basalt, lava streams (anUSes) of amygdaloid with 
elongated and parallel pores, and white deposits of pumice, 
intermixed with black scoria), animate the scenery by the as- 
sociations of the past which they awaken, acting upon the 
imagination of the enlightened observer like traditional records 
of an earlier world. Their form is their history. 

The sense in which the Greeks and Romans originally em- 
ployed the word history proves that they too were intimately 
convinced that, to form a complete idea of the present state 
of the universe, it was necessary to consider it in its successive 
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phaaoi. It 18 not, howeyer, in the definition given bv Vale* 
lius Flaccu8,* but in the zoological writings of Aristotle, that 
the wold history presents itself as an exposition of the results 
of experience and observation. The physical description of 
the word by Pliny the elder bears the title of Natural His- 
tory, while in the letters of his nephew it is designated by the 
nobler term of History of Nature. The earlier Greek his- 
torians did not separate the descriptions of countries from the 
narrative of events of which they had been the theater. With 
these writers, physical geography and history were long inti- 
mately associated, and remained simply but elegantly blended 
until the period of the development of political interests, when 
the agitation in which the hves of men were passed caused 
the geographical portion to be banished from the history of 
nations, and raised into an independent science. 

It remains to be considered whether, by the operation of 
thought, we may hope to reduce the immense diversitv of 
phenomena comprised by the Cosmos to the unity of a prmci- 
ple, and the evidence aflcirded by rational truths. In the 
present state of empirical knowloago, wo can scarcely flatter 
ourselves with such a hope. Experimental sciences, based 
on the observation of the external world, can not aspire to 
eompleteness ; the nature of things, and the imperfection of 
our organs, are alike opposed to it We shall never succeed 
in exhausting the immeasurable riches of nature ; and no gen* 
eration of men will ever have cause to boast of having com* 
prehended the total aggregation of phenomena. It is only by 
distributing them into groups that we have been able, in the 
ease of a few, to discover the empire of certain natural laws, 
^nd and simple as nature itself. The extent of this empire 
will no doubt increase in proportion as physical sciences are 
more perfectly developed. Striking proofs of this advance- 
ment have been made manifest in our own day, in the phe- 
nomena of electro-magnetism, the propagation of luminous 
waves and radiating heat. In the same manner, the fruitful 
doctrine of evolution shows us how, in organic development, 
all that is formed is sketched out beforehand, and how the 
tissues of vegetable and animal matter uniformly arise from 
the multiplication and transformation of cells. 

The generalization of laws, which, being at first bounded 
by narrow limits, had been applied solely to isolated groups 
of phenomena, acquires in time more marked gradations, and 
gains in extent and certainty as long as the process of reasoa* 

* Aol. Oell, Nod. Att,, v., IS. 

Vol. l—D 
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ing is applied Btrictly to analogous phenomena ; but as soon 
as dynamical views prove insufficient where the specific prop- 
erties and heterogeneous nature of matter come into play, it is 
to be feared that, bv persisting in the pursuit of laws, we may 
find our course suddenly arrested by an impassable chasm. 
The principle of unity is lost sight of, and the guiding clew 
is ront asunder whenever any specific and peculiar kind of 
action manifests itself amid the active forces of nature. The 
law of equivalents and the numerical proportions of composi- 
tion, so happily recognized by modem chemists, and proclaimed 
imder the ancient form of atomio symbols, still remains isola* 
ted and independent of mathematical laws of motion and grav- 
itation. 

Those productions of nature which are objects of direct ob- 
servation may be logically distributed in passes, orders, and 
families. This form of distribution undoubtedly sheds some 
light on descriptive natural history, but the study of organized 
bodies, considered in their linear connection, although it may 
impart a greater degree of unity and simplicity to the distri- 
bution of groups, can not rise to the height of a classification 
based on one sole principle of composition and internal organ- 
ization. As diflerent gradations are presented by the laws 
of nature according to the extent of the horizon, or the limits 
of the phenomena to be considered, so there are likewise dif- 
ferently graduated phases in the investigation of the external 
world. Empiricism originates in isolated views, which are 
subsequently grouped according to their analogy or dissimilar- 
ity. To direct observation succeeds, although long afterward, 
the wish to prosecute experiments ; that is to say, to evoke 
phenomena under dinbront dutormiued conditions. The ra- 
tional experimentalist does not proceed at hazard, but acts 
under the guidance of hypotheses, founded on a half indistinct 
and more or less just intuition of the connection existing amons 
natural objects or forces. That which has been conquered 
by observation or by means of experiments, leads, by analysis 
and induction, to the discovery of empirical laws. These are 
the phases in human intellect that have marked the diflerent 
epochs in the life of nations, and by means of which that great 
mass of facts has been accumulated which constitutes at the 
present day the sohd basis of the natural sciences. 

Two forms of abstraction conjointly regulate our knowl- 
edge, namely, relations of quantity, comprising ideas of num- 
ber and size, and relations of quality , embracing the consider- 
ation of the specific properties and the heterogeneous nature 
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of matter. The former, at being more accessible to the exer 
eise of thought, appertains to mathematics ; the latter, from 
Its apparent mysteries and greater difficulties, falls under the 
domain of the chemical sciences. In order to submit phe- 
nomena to calculation, recourse is had to a hypothetical con- 
struction of matter by a combination of molecules and atoms, 
whose number, form, position, and polarity determine, modify, 
or vary phenomena. 

The mythical ideas long entertained of the imponderable 
substances and vital forces peculiar to each mode of organiza- 
tion, have complicated our views generally, and shed an un- 
certain light on the path we ought to pursue. 

The most various forms of intuition have thus, age aflet 
age, aided in augmenting the prodigious mass of empirical 
knowledge, which in our <^¥n day has been enlarged with 
evor-iucrcasing rapidity. The investigating spirit of man 
strives from time to time, with varying success, to break 
through those ancient forms and symbols invented, to subject 
rebellious matter to rules of mechanical construction. 

We are still very far from the time when it will he possi- 
ble for us to reduce, by the operation of thought, all that we 
?erceive by the senses, to the unity of a rational principle, 
t may even be doubted if such a victory could ever be 
achieved in the field of natural philosophy. The complica- 
tion of phenomena, and the vast extent of the Cosmos, would 
seem to oppose such a result ; but even a partial solution of 
the problem — the tendency toward a comprehension of the 
phenomena of the universe — will not the less remain the eter- 
nal and sublime aim of every investigation of nature. 

In conformity with the character of mv former writings, as 
well as with the labors in which I have been engaged during 
my scientiBc career, in measurements, experiments, and the 
investigatiou of facts, I limit myself to the domain of empirical 
ideas. 

The exposition of mutually connected facts docs not exclude 
the classification of phenomena acconling to their rational con- 
nection, the generalization of many specialities in the great 
mass of otMcrvations, or the attempt to discover laws. Con- 
ceptions of the universe solely based upon reason, and the 
pnnciples of speculative philosophy, would no doubt assign a 
still more exalted aim to the science of the Cosmos. I am far 
from blaming the eflbrts of others so'.ely because their success 
has hitherto remained very doubtful. Contrary to the wiahes 
and counsels of those profound and |K>werful thinkers who 



70 COSMOS. 

have given new life to speculations which were already fa- 
miliar to the aticicuts, systems of natural philosopliy have in 
our own country for somo timo post turned aside tho minds 
of men from the graver study of mathematical and physical 
sciences. The ahuse of hotter powers, which has led many 
of our nohle but ill-judging youth into the saturnalia of a pure 
ly ideal science of nature, has been signalized by the intoxica- 
tion of pretended conquests, by a novel and fantastically sym- 
bolical phraseology, and by a predilection for the formulas of 
a scholastic rationalism, more contracted in its views than 
any known to the Middle Ages. I use the expression '* abuse 
of better powers," because superior intellects devoted to phil- 
osophical pursuits and experimental sciences have remained 
strangers to these saturnalia. The results yielded by an earn- 
est investigation in the path of experiment can not be at va- 
riance with a true philosophy of nature. If there be any 
contradiction, tho fault must lie either in the unsoundness of 
speculation, or in the exaggerated pretensions of empiricism, 
which thinks that more is proved by experiment than is aot- 
^'^^^ ually derivable from it. 

\ External nature may be opposed to the intellectual world, 
^ as if the latter were not comprised within the limits of the 
former, or nature may be opposed to art when the latter is 
defmed as a manifestation of the intellectual power of man ; 
but these contrasts, which we fmd reflected in the most cul- 
tivated languages, must not lead us to separate the sphere of 
nature from that of mind, sinf:e such a separation would re- 
duce the physical science of the world to a mere aggregation 
of empirical specialities. Science does not present itself to 
man until mind conquers matter in striving to subject the 
result of experimental investigation to rational combinations. 
Science is the labor of mind applied to nature, but the ex- 
ternal world has no real existence for us beyond the image 
j reflected within ourselves through the medium of the senses. 
As intelligence and forms of speech, thought and its verbal 
symbols, are united by secret and indissoluble hnks, so does 
the external world blend almost unconsciously to ourselves 
with our ideas and feelings. *' External phenomena," says 
Ilegel, in his Philosojiliy of History^ " are in some degree 
translated in our inner *x)presentations." The objective world, 
conceived and reflected within us by thought, is subjected to 
tho eternal and necessary conditions of our intclleelual being. 
The activity of the mind exercises itself on the elements fur- 
nished to it by the perceptions of the senses. IMius, in the 



r 



INTRODUCTION. 77 

early ages of mankind, there manifests itself in the simple in- 
tuition of natural facts, and in the efforts made to oompro* 
heud them, the germ of the philosophy of nature. These 
ideal tendencies vary, and are more or less powerful, accord- 
ing to the individual characteristics and moral dispositions of 
nations, and to the degrees of their mental culture, whether 
attained amid scenes of nature that excite or chill the imag- 
ination. 

History has preserved the record of the numerous attempts 
that have been made to form a rational conception of the 
whole world of phenomena, and to recognize in the universe 
the action of one sole active force by which matter is pene- 
trated, transformed, and animated. These attempts are traced 
in classical antiquity in those treatises on the principles of 
things which emanated from the Ionian school, and in which 
all the phenomena of nature were subjected to hazardous 
sjpeculations, based upon a small number of observations. By 
degrees, as the influence of great historical events has favored 
the development of every branch of science supported by ob- 
servation, thai' ardor has cooled which formerly led men to 
seek the essential nature and connection of things by ideal 
construction and in purely rational principles. In recent 
times, the mathematical portion of natural philosophy has 
been most remarkably and admirably enlarged. The method 
4ind the instrument (analysis) have been simultaneously per- 
fected. That which has boon acquired by means so dillurcut 
— by the ingenious application of atomic suppositions, by the 
more general and intimate study of phenomena, and by the 
improvctl construction of now apparatus — is the common prop- 
erty of mankind, and should not, in our opinion, now, more 
than in ancient times, bo withdrawn from the free exercise of 
speculative thought. 

It can not be denied that in this process of thought the 
results of experience have had to contend with many disad- 
vantages ; we must not, therefore, be surprised if, in the per- 
petual vicissitude of theoretical views, as is ingeniously ex- 
pressed by the author of Giordano Bruno/^ " most men see 
nothing in philosophy but a succession of passing meteors, 
while even the grander forms in which she has revealed her- 
self share the fate of comets, bodies that do not rank in pop- 
ular opinion among the eternal and permanent works of na- 

* Schcllin^'s Unino, Ueher da$ OOtUirkt ^nd Satkra/iche Princip. 
der DingCt i 181 (HniiH>, on tho Dimne and Nattirnl Principle of 
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ture, but are regarded at mere fugitive apparitions of iguu>«n 
vapor.** Wo would here remark that the abuse of thought, 
and the false track it too often pursues, ought not to sanction 
an opinion derogatory to intellect, which would imply that 
the domain of mind is essentially a world of vague fantastic 
illusions, and that the treasures accumulated by laborious ob- 
servations in philosophy are powers hostile to its own empire. 
It does not become the spirit which characterizes the present 
age distrustfully to reject every generalization of views and 
every attempt to examine into the nature of things by the 
process of reason and induction. It would be a denial of the 
dignity of human nature and the relative importance of the 
faculties with which we are endowed, were we to condemn 
at one time austere reason engaged in investigating causes 
and their mutual connections, and at another that exercise of 
the imagination which prompts and excites discoveries by its 
creative powers. 



COSMOS. 



DELINEATION OF NATURE. GENERAL REVIEW OF 

NATURAL PHENOMENA. 

When the human mind first attempts to subject to its con- 
trol the world of physical phenomena, and strives by medita- 
tive contemplation to pen^tci|te the rich luxuriance of living 
nature, and the mingled^eb^pf free and restricted natural 
forces, man feels himself ralsea to a height from whence, as 
he embraces the vast horizon, individual things blend together 
in varied groups, and appear as if shrouded m a vapory vail. 
These figurative expressions are used in order to illustrate the 
point of view from whence we would consider the universe 
noth in its celestial and terrestrial sphere. I am not insen- 
sible of the boldness of such an undertaking. Among all the 
forms of exposition to which these pages are devoted, there 
is none more difiicult than the general delineation of nature, 
which we purpose sketching, since we must not allow our^ 
selves to be overpowered by a sense of the stupendous rich- 
ness and variety of the forms presented to us, but must dwell 
only on the consideration of masses either posse ss ing actual 
magnitude, or borrowing its semblance from the as80ciatk>ns 
awakened withlh the subjective sphere of ideas. It is by a 
separation and classification of phenomena, by an intuitive in- 
sight into the play of obscure forces, and b/ animated expres- 
sions, in which the perceptible spectacle is n fleeted with vivid 
truthfulness, that we may hope to compreh *nd and describe 
the univerud all (rd ixdv) in a manner worthy of the dignity 
of the word Cosmos in its signification of universe, order of 
the worlds and adornment of this universal order. May the 
immeasurable diversity of phenomena which crowd into the 
picture of nature in no way detract from that harmonious im- 
pression of rest and unity which is the ultimate object of every 
literary or purely artistical composition. 

Beginning with the depths of space and the regions of re- 
motest nebula), we will gradually descend through the starry 
zone to which our solar system belongs, to our own terrestrisi 
spheroid, circled by air and ocean, there to direct our atten- 
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tion to its form, temperature, and magnetic tension, and to 
consi'^er the fullness of organic life unfolding itself upon its 
surface beneath the vivifying influence of light. In this man- 
ner a picture of the world may, with a few strokes, be mads 
to include the realms of infinity no less than the minute mi* 
croscopic animal and vegetable organisms which exist in stand* 
ing waters and on the weather-beaten surface of our rocks. 
I All that can bo perceived by the senses, and all that has been 
accumulated up to the present day by an attentive and vari- 
ously directed study of nature, constitute the materials from 
which this representation is to be drawn, whose character is 
an evidence of its fidelity and truth. But the descriptive pic- 
ture of nature which we purpose drawing must not enter too 
fully into detail, since a minute enumeration of all vital forms, 
natural objects, and processes is not requisite to the complete- 
ness of the undertaking. The delineator of nature must re- 
sist the tendency toward endless division, in order to avoid 
the dangers presented by the very abundance of our empirical 
knowledge. A considerable portion of the qualitative proper- 
ties of matter — or, to speak more in accordance with tho lan- 
guage of natural philosopliy, of the qualitative expression of 
forces — is doubtlessly still unknown to us, and the attempt 
perfectly to represent unity in diversity must therefore neces- 
sarily prove unsuccessful. Thus, besides the pleasure derived 
from acquired knowledge, there lurks in the mind of man, 
and tinged with a shade of sadness, an unsatisfied longing for 
something beyond the present — a striving toward regions yet 
unknown and unopened. Such a sense of longing binds still 
faster the links which, in accordance with the supreme laws 
of our being, connect tho material with tho ideal world, and 
animates the mysterious relation existing between that which 
the mind receive^ from without, and that which it reflects 
from its own dej ihs to the external world. If, then, nature 
(understanding by the term all natural objects and phenomena) 
be illimitablo in extent and contents, it likewise presents it- 
self to the human intellect as a problem which can not be 
grasped, and whoso solution is impossible, since it requires a 
knowledge of the combined action of all natural forces. Such 
an acknowledf^ment is due where the actual state and pro- 
spective development of phenomena constitute the sole objects 
of direct investigation, which does not venture to depart from 
the strict rules of induction. But, although the incessant ef- 
fort to embrace nature in its universality may remain unsatis- 
fied, the history of the contemplation of the universe (which 
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will bo considered in another part of this work) will teaoh ui 
how, in the coune of ages, mankind has gradually attained 
to a partial insight into the relative dejiendence of phenomena. 
My duty is to depict the results of our knowledge in all their 
bearings with reference to the present. In all that is subjeot 
to motion and change in space, the ultimate aim, the very ex- 
pression of physical laws, depend upon mean numerical valueSt 
which show us the constant amid change, and the stable amid 
apparent fluctuations of phenomena. Thus the progress of 
modern physical science is especially characterized by the at- 
tainment and the rectification of the mean values of certain 
quantities by means of the processes of weighing and meas- 
uring ; and it may be said, that the only remaining and wide- 
ly-difiused hieroglyphic characters still in our writing — num- 
icr$ — appear to us again, as powers of the Cosmos, although 
in a wider souso than that applied to thorn by the Italian 
School. 

The earnest investigator delights in the simplicity of nu- 
merical relations, indicating tho dimensions of the celestial 
regions, the magnitudes and periodical disturbances of the 
heavenly bodies, the triple elements of terrestrial magnetism, 
the mean pressure of the atmosphere, and the quantity of heat 
which the sun imparts in each year, and in every season of the 
year, to all points of the solid and liquid surface of our planet. 
These sources of enjoyment do not, however, satisfy the poet 
of Nature, or the mind of the inquiring manv. To both of 
these the present state of science appears as a blank, now that 
she answers doubtingly, or wholly rejects as unanswerable, 
questions to which former ages deemed they could furnish 
satisfactory replies. In her severer aspect, and clothed with 
less luxuriance, she shows herself deprived of that seduotiva 
charm with which a dogmatizing and symbolizing phviioal 
philosophy know how to deceive tho understanding and give 
the rein to imagination. Long before tho discovery of the 
New World, it was believed that new lands in the Far Watt 
might be seen from the shores of tho Canaries and tho Azores. 
These illusive images were owing, not to any extraordinary 
refraction of the rays of light, but produced by an eager long* 
ing for the distant and the unattaincd. The philosophy of 
the Greeks, the physical views of the Middle Ages, and even 
those of a more recent period, have been eminently imbued 
with the charm springring from similar illusive phantoms of 
the imagination. At the limits of circumscribed knowledge^ 
as from some lofVy island shore, the eye delights to penetrate 

D2 



62 OOBMOB. 

to distant regions. The boliof in the uncommon and the won- 
derful lends a definite outline to every manifestation of ideal 
creation ; and the realm of fancy — a fairy-land of cosmolog- 
ical, geognostical, and magnetic visions — becomes thus invol- 
untarily blended with the domain of reality. 

Nature, in the manifold signification of the word — whether 
considered as the universality of all that is and ever will be- 
as the inner moving force of all phenomena, or as their mys- 
terious prototype — reveals itself to the simplo mind and feel- 
ings of man as something earthly, and closely allied to him- 
self. It is only withui the animated circles of organic struc- 
ture that we fool ourselves peculiarly at homo. Thus, 
wherever the earth unfolds her fruits and flowers, and gives 
food to countloss tribes of animals, there the image of nature 
impresses itself most vividly upon our senses. The impression 
thus proflucod upon our minds limits itself almost exclusively 
to the reflection of the earthly. The starry vault and the 
wide expanse of the heavens belong to a picture of the uni- 
verse, in whicli the magnitude of masses, the number of con- 
gregated suns and faintly gliinrnering nebulas, although they 
excite our wonder and astonishment, manifest themselves to 
us in apparent isolation, and as utterly devoid of all evidence 
of their being the scenes of organic life. Thus, even in the 
earliest physical views of mankind, heaven and earth have 
been separated and opposed to one another as an upper and 
lower portion of space. If, then, a picture of nature were to 
correspond to the requirements of contemplation by the senses, 
it ought to begin with a delineation of our native earth. It 
should depict, first, the terrestrial planet as to its size and 
form ; its increasing density aud heat at increasing depths in 
its superimposed solid and liquid strata ; the separation of sea 
and land, and the vital forms animating both, developed in 
the cellular tissues of plants and animals ; the atmospheric 
ocean, with its waves and currents, through whicli pierce the 
forest-crowned summits of our mountain chains. After this 
delineation of ])urely telluric relations, the eye would rise to 
the celestial regions, and the Earth would then, as the well- 
known seat of organic development, be considered as a planet, 
occupying a place in the series of those heavenly bodies which 
circle round one of the innumerable host of self-luminous stars. 
This succession of ideas indicates the course pursued in the 
earliest stages of perceptive contemplation, and reminds us of 
the ancient conception of the *' sea-girt disk of earth," sup- 
porting the vault of heaven. It begins to exercise its action 
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Nebulotts stars must not bo oonfounded oither with irregu- 
larly-shaped nebulous spots, properly so called, whoso toparate 
parts havo an unequal degree of brightness (and which may, 
perhaps, become concentrated into stars as their circumference 
contracts), nor with the so-called planetary nebulsD, whose cir- 
cular or slightly oval disks manifest in all their parts a per- 
fectly uniform degree of faint light. Nebulous stars are not 
merely accidental bodies projected upr i a nebulous ground, 
but are a part of the nebulous mattet constituting one mass 
with the body which it surrounds. The not uufrequentlv con- 
siderable magnitude of their apparent diameter, and the re- 
mote distance from which they are revealed to us, show that 
both the planetary nebules and the nebulous stars must be of 
enormous dimensions. New and ingenious considerations of 
the different influence exercised by distance* on the intensity 
of light of a disk of appreciable diameter, and of a single self- 
luminous point, render it not improbable that the planetary 
nebula) are very remote nebulous stars, in which thd diflcr- 
enoo between the central body and the sunounding nebulous 
covering can no longer be detected by our telescopic instru* 
ments. 

The magnificent zones of the southern heavens, between 
60^ and 80°, are especially rich in nebulous stars, and in com- 
pressed unresolvable nebulas. The larger of the two Magel- 
lanic clouds, which circle round the starless, desert pole of the 
south, appears, according to the most recent researches,! u 
" a collection of clusters of stars, composed of globular clusters 
and nebulsB of different magnitude, and of large nebulous spots 

* The optical contideratioiii relatiTe to the diflference presented by 
a tingle luminouA point, and by a disk aubtendiag an appreciable angle, 
in which the intentity of liglit u constant nt every distance, are explain- 
ed in Arago's Analyse de» Travattx is Sir Willimm Htr$ckel {Ammmmre 
dm Bureau de$ Long., 1842. p. 410-412, and 441). 

t The two Magellanic clouds. Nubecula innjor mid Nubecula minor, 
are very remarkable objects. The larger of the two is an accumulated 
mass of stars, and consists of clusters of stars of irregular form, either 
conical masses or nebu1« of different mnguitodos and degrees of con 
densaiion. This is interspersed with nconlous spots, not resolYsble 
mtii stars, but which nro probublv tinr duM^ appearing only as a general 
radiance uiion tho toloscopic field of a twenty-fcct rofloctor, and form- 
ing a luminous ground o» which other objects of strikiiiff and inde- 
■oribable form are scattered. In no other portion of the neaYens are 
to many nobuloos and steJar masses thronged to^^ether in an equally 
tafll space. Nubecula minor is much loss beautiful, has more ubre- 
•olrable nebulous light, while the stellar masses are fewer and laintor 
la intensity.^From a letter of Sir John Uerscbel, Feldhnysen, Oape 
ef Good Hope, 13th June, 1886.) 
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appear oonstantly to vary, sometimes appcariiig separated intu 
round or elliptical disks, single or in pairs, occasionally con- 
nected by a thread of light ; whilo, at another time, these 
nebula) occur in forms oi* larger dimensions, and are either 
elongated, or variously branched, or fan-shaped, or appear like 
well-donned rings, inclosing a dark interior. It is conjectured 
that these bodies are undergoing variously developed formative 
processes, as the cosmical vapor becomes condensed in con- 
formity with the laws of attraction, either round one or more 
of the nuclei. Between two and three thousand of such un- 
resolvable nebulu), in which the most powerful telescopes have 
hitherto been unable to distinguish the presence of stars, have 
been counted, and their positions determined. 

The genetic evolution — that perpetual state of development 
which seems to afiect this portion of the regions of space — 
has led philosophical observers to the discovery of the analogy 
existing among organic phenomena. As in our forests we see 
the same kind of tree in all the various stages of its growth, 
and are thus enabled to form an idea of progressive, vital de- 
velopment, so do we also, in the great garden of the universe, 
recognize the most diflbront phases of sidereal formation. The 
process of condensation, which formed a part of the doctrines 
of Anaximenes and of the Ionian School, appears to be going 
on before our eyes. This subject of investigation and conject- 
ure is especially attraotive to the imagination, for in the study 
of the animated circles of nature, and of the action of all the 
moving forces of the universe, the charm that exercises the 
most powerful influence on the mind is derived less from a 
knowledge of that which is than from a jKirccjition of that 
which toill be, even though the latter be nothing more than 
^ a new condition of a known material existence ; for of actual 
creation, of origin, the beginning of existence from non-exist- 
ence, we have no experience, and can therefore form no con- 
ception. 

A comparison of the various causes influencing the develop- 
ment manifested by the greater or less degree of condensation 
in the interior of uebulie, no less than a successive course of 
direct observations, have led to the belief that changes of form 
have been recognized first in Andromeda, next in the constel- 
lation Argo, and in the isolated filamentous portion of the 
nebula in Orion. But want of uniformity in the power of the 
instruments employed, different conditions of our atmosphere, 
and other optical relations, render a part of the results invalid 
as historical evidence. 
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JNebulates stars roust not bo confounded oither with irregu- 
larly-shaped nebulous spots, properly so called, whoso ioparmta 
parts have an unequal degree oi* brightness (and which may, 
perhaps, become concentrated into stars as their circumference 
contracts), nor with the so-called planetary nebnlee, whose cir* 
cnlar or slightlv oval disks manifest in all their parts a per- 
fectly uniform dcgroo of faint light. Nebulous stars are not 
merely accidental bodies projected upr i a nebulous ground, 
but are a part of the nebulous mattot constituting one mass 
with the body which it surrounds. Tho not unfrequentlv con- 
siderable magnitude of their apparent diameter, and the re- 
mote distance from which they are revealed to us, show that 
both the planetary nebulte and the nebulous stars must be of 
enormous dimensions. Now and ingenious considerations of 
the different influence exercised by distance* on the intensity 
of light of a iWrk of appreciable diameter, and of a single self- 
luminous iK>int, render it not improbablo that the planetary 
nebula) are very remote nebulous stars, in which the difler- 
enoo between the central body and tho sunounding nebulous 
covering can no longer bo detected by our telescopic instru- 
ments. 

The magnificent zones of the southern heavens, between 
60^ and 80°, are especially rich in nebulous stars, and in com- 
pressed unresolvable nebuln. The larger of the two Magel- 
lanic clouds, which circle round the starless, desert pole of the 
south, appears, according to the most recent researches,! M 
" a collection of clusters of stars, composed of globular clusters 
and nebulsB of different magnitude, and of large nebulous spots 

* The optical contideratkmt relative to the diflference preaented by 
a tingle luminoua point, and b^ a ditk aubtending an appreciable angle, 
in wnich the intentity of light ib constant nt every distance, are explain- 
ed in Arago't An^ye det Travaux de Sir Wi/iimm H^rukd (Annrnmrt 
du Bntemn dea Long., 1842. p. 410-412, and 441). 

t Tlie two MagoTlanic cloudii, Nubecula mnjor nnd Nubecula minor, 
ore Yery remarkaule olgects. The larger of the two it an accumulated 
mail of Stan, and conswta of cluatert of ttara of irregular form, either 
conical maatea or nebul« of different mnffuitodoa and degrees of con 
denMtjfin. This is interspersed with ncDulous snots, not resolrable 
mUi stars, but which nro pnibublv ^ar dust. Appearing only as a ffenoral 
radiance u|ioii tho toloscopic fiold of a twenty-feet ronocior, and form- 
ing a lumiiums gru«ind on which otlicr objects of slrikiuff and inde- 
scribable form are scattered. In no other portion of the neavens are 
to many nobuloun and ste lar masses thronged toother in an equally 
tafll space. Nubecula iLinor is much loss Itonutiful. has more ui<re- 
soWable nebulous light, while the stellar masses are fewer and (sinter 
In intensity.^ From a letter of Sir John Uerscbel, Feldhaysen, Oape 
ef Good Hope, 13th Jan«, 18M.) 
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not roflolvable^ which, producing a general brightncM in the 
fidd of view, f4 rm, as it were, the back-ground of the picturo." 
The appearance of these clouds, of the brightly-beaming con- 
stellation Argo, of the Milky Way between Scorpio, the Cen- 
taur, and the Southern Cross, the picturesque beauty, if one 
may so speak, of the whole expanse of tho southerfi celestial 
bemisphoro, has loft upon my mind an inofllicoablo impression. 
Tho zodiacal light, which rises in a pyramidal form, and con- 
stantly contributes, by its mild radiance, to the external beauty 
of tho tropical nights, is either a vast nebulous ring, rotating 
between the Earth and Mars, or, less probably, the exterior 
stratum of tho solar atmosphere. Besides these iu minous clouds 
and nebulffl of JcAnite form, exact and corresponding observi^ 
tions indicate the existence and the general distribution of an 
apparently non-luminous, infinitely-divided matter, which pos* 
sesses a force of resistance, and manifests its presence in Encke's, 
and perhaps also in Biela's comet, by diminishing their eccen- 
tricity and shortening their period of rovolution. Of this im- 
peding, ethereal, and cosmical matter, it may be supposed that 
it is iu motion ; that it gravitates, notwithstanding its original 
tenuity ; that it is condensed in the vicinity of the great mass 
of the Sun ; and, finally, that it may, for myriads of ages, 
have been augmented by the vapor emanating from the tails 
of comets. 

If we now pass from the consideration of the vaporous mat- 
ter of the immeasurable regions of space (ovpavov ;topTOc)* 
— whether, scattered without definite form and limits, it ex- 
ists as a cosmioal etlior, or is condensed into nebulous spots, 
and becomes comprised among tho solid agglomerated bodies 
of tho univcrMO— wo upproucli a class of plieiiouioiiu uxclusivo- 
ly designated by the tonn of stars, or as the sidereal world. 

* I tboald have made cue, in the place of garden of the aniverse, of 
the beautiful ezproMioii x^P'''*^ oipavov, hormwed by Hetychiut from 
an anknowii poet, if ;|f6prof hod not rather tignifiod in goueral an in- 
cloied •[Nice. Tho connection witli the Gorman garten and the En- 
glish gardent gords iu Gothic (derived, according to Jucob Grimm, from 
gairdan, to gird), is, however, evident, as is likewise tho aflinity with 
tho Sclavonic grad, gorodf and as Pott remarks, iu his Elymot. Forsekum' 
gtHf th. i., s. 144 (ctymol. Researches), with the Latin ehors, whence 
we have the Spanish eorte, the French eaur, and the English word eouri, 
together with the Ossetic kkart. To these may be further added the 
Bcandinavisn gard,* gdrd, a place inclosed, as a court, or a country 
seat, and the Persian gerd, prd, a district, a circle, a princely country 
seat, a castle or city, as we nud the term applied to the names of placet 
ki Finlusi's Schahnameh, as Siyawaksehgird, Darabgird, &c. 

s (Tbls word is wriUaa gmard In tho Dsoisli.]— TV. 
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Ueie, too, we find difierenoet existing in the Bolidity or 
of the tpheroidally agglomerated matter. Oar own lolar tyt- 
tem presents all stages of mean density (or of the relation of 
volume to mass.) On comparing the planets from Meroury 
to Mars with the Sun and with Jupiter, and these two last 
named with the yet inferior density of Saturn, we arriTo, by 
a desoending scale— to draw our illustration from terrestrial 
substances — at the respective densities of antimony, honey, 
water, and pine wood. In comets, which actually constitute 
the most considerable portion of our solar system with respect 
to the number of individual forms, the concentrated part, . 
usnally termed the head, or nudeus, transmits sidereal light 
unimpaired. The mass of a comet probably in no case equals 
the five thousandth part of that of the earth, so dissimilar are 
the formative proccmios manifested in the original and perhaps 
still jirogrossivo aggloinoratioiis of uialtor. In proceeding from 
general to s|iocial considerations, it was particularly desirable 
to draw attention to this diversity, not merely as a possible, 
but OS an octually proved fact. 

The purely 8))coulativo conclusions arrived at by Wright, 
Kant, and Lambert, concerning the general structural ar- 
rangement of the universe, and of the distribution of matter 
In space, have been confirmed by Sir William Ilerschel, on 
the more certain |)ath of observation and measurement. That 
great and enthusiastic, although cautious observer, was the 
first to sound the depths of heaven in order to determine the 
limits and form of the starry stratum which we inhabit, and 
he, too, was the first who ventured to throw the light of inves- 
tigation upon the relations existing between the position and 
distance of remote ncbulsB and our own portion of the sidereal 
universe. William Ilerschel, as is well expressed in the ele* 
.gant inscription on his monument at Upton, broke through the 
ineloeures of heaven {arJomm perrupit claustra), and, like 
another Columbus, ]>cnetratcd into an unknown ocean, from 
which he beheld coasts and grou|)s of islands, whoso true po- 
sition it remains for future ages to determine. 

Considerations regarding the diflerent intensity of light in 
stars, and their relative number, that is to say, their numeric- 
al frequency on tclcscopio fields of equal magnitude, have led 
to the assumption of unequal distances and distribution in space 
in the strata which they compose. Such assumptions, in as 
far as they may load us to draw the limits of the individual 
portions of the universe, can not oflbr the same degree of math- 
ematical certainty as that which may be attained in all thai 
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relates to our solar system, whether we coftsider the rotation 
of double stars with unequal velocity round one common cen- 
ter of gravity, or the apparent or true movements of all the 
heavenly bodies. If we take up the physical description of 
the universe from the remotest nebulse, we may be inclined 
to compare it with the mythical portions of history. The one 
begins L' the obscurity of antiquity, the other in that of inao- 
cessibL space ; and at the point where reality seems to flee 
before us, imagination becomes doubly incited to draw from 
its own fullness, and give definite outline and permanence to 
the changing forms of objects. 

If wo compare tho regions of the universe with ono of the 
island-studded seas of our own planet, we may imagine mat- 
ter to be distributed in groups, either as unresolvable nebul® 
of difierent ages, condensed around one or more nuclei, or as 
already agglomerated into clusters of stars, or isolated sphe- 
roidal bodies. The cluster of stars, to which our cosmical isl- 
and belongs, forms a lens-shaped, flattened stratum, detached 
on every side, whoso major axis is estimated at seven or eight 
hundred, and its minor ono at a hundrud and fifty times tho 
distance of Sirius. It would appear, on the supposition that 
the parallax of Sirius is not greater than that accurately de- 
termined for the brightest star in the Centaur (0''*9128), that 
Ught traverses one distance of Sirius in three years, while it 
also follows, from Bcssel's earlier excellent Memoir* on the 
parallax of the remarkable star Gl Cygni (0''*3483), (whoso 
considerable motion might lead to the inference of great prox- 
imity), that a )>criod of nine years and a quarter is required 
for tho transmission of liglit from this star to our planet. Our 
starry stratum is a disk of inconsiderable thickness, divided a 

* See Maclear'fl " RetuUifrom 1839 to 1840," in the Trant. of the 
Attronomieal Soe., vol. xii., p. 370, on a Centanri, the probable mean 
error beuig 0"'0640. For 61 Cygni, see Bessel, in Schumacher's Jahr- 
buck, 1839, s. 47, and Schuinuchor's Astron. Nachr., bd. xviii., s. 401, 
402, probablo mean orrur, 0"*0141. With i-uforonce to the relative 
ditftnnces uf stura of ditforout mugnitudos, how Uioso of tlie third ma*^' 
nitudo may probably be throe times more remote, and the manner m 
which wo ropreient to ourselves the matoiial arrangement of the starry 
strata, I have found the following remarkable passage in Kepler s 
Epitome Aitronomia Copemicame, 1618, t. i., lib. 1, p. 34-39: *'Sol 
hie notter nil aliud est quam una ex fixie, nobis major et clarior visa^ 
quia propior quamjixa. Pone terram elare ad lalus, una eemi-diamelro 
via Cactetet tune hae via laciea apparebit cireulue parvus, vel ellipsis par- 
va, tola declinans ad latus allervm; eritque simul uno intuitu conspicuat 
qua nune non potest nisi dimidia eonspiei quovis momento. Itaquejix 
arum sph<tra non tantum orbe stellarumt sed etiam circulo lactis versus 
nos deorsum est terminata." . 
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third of its .ength into two branches ; it is supposed that we 
are near this division, and nearer to tlie region of Sinus than 
to the constellation Aquila, almost in the middle of the stra- 
tum in the line of its thickness or minor axis. 

This position of our solar system, and the form of the whole 
discoidal stratum, have been inferred from sidereal scales, that 
is to say, from that method of counting the stars to which I 
have already alluded, and which is based upon the equidistant 
subdivision of the telescopic field of view. The relative depth 
of the stratum in all directions is measured by the greater or 
smaller number of stars appearing in each division. These 
divisions give tne length of the ray of vision in the same man- 
ner as we measure the depth to which the plummet has been 
thrown, before it reaches the bottom, although in the case of 
a starry stratum there can not, correctly speaking, be any idea 
of depth, but merely of outer limits. In the direction of the 
longer axis, where the stars lie behind one another, the more 
remote ones appear closely crowded together, united, as it were, 
by a milky-whito radiance or lummoiis vapor, and are perepec- 
lively grouped, encircling, as in a zone, the visible vault of 
heaven. This narrow and branched girdle, studded with ra- 
diant light, and here and there interrupted by dark spots, de- 
viates only by a few degrees from forming a perfect large cir^ 
cle round the concave sphere of heaven, owing to our being 
near the center of the large starry cluster, and almost on the 
plane of the Milky Way. If our planetary system were far 
outside this cluster, the Milky Way would appear to tele- 
scopic vision as a ring, and at a still greater distance as a re* 
solvable discoidal nebula. 

Among the many self luminous moving suns, erroneously 
called Jixed stars, which constitute our cosmical island, our 
own sun is the only one known by direct observation to be a 
central body in its relations to spherical agglomerations of 
matter directly dcjiondiiig upon and revolving round it, either 
in the form of planets, comets, or aerolito asteroids. As far 
as we have hitherto been able to investigate multiple stars 
(double stars or suns), these bodies are not subject, with re- 
spect to relative motion and illumination, to the same planed 
ary dependence that characterizes our own solar system. Two 
or more self luminous bodies, whose planets and moon, if such 
exist, have hitherto escaped our telescopic powers of vision, 
certainly revolve around one common center of gravity ; but 
this is in a portion of space which is probably occupied merely 
by unagglomerated matter or cosmical vapor, while in our sya- 
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tein the center of gravity is often comprised within the iniier- 
moBt limits of a visible central body. If, thorofuro, we regard 
the Sim and the ICarth, or the Earth and the Moon, as double 
stars, and the whole of our planetary solar system as a multi- 
ple cluster of stars, the analogy thus suggested must be limit- 
ed to the universality of the laws of attraction in difierent sys- 
tems, being alike applicable to the independent processes of 
light and to the method of illumination. 

For the generalization of cosmical views, corresponding with 
the plan we have proposed to follow in giving a delineation of 
nature or of the universe, the solar system to which the Earth 
belongs may be considered in a two-fold relaRon : first, with 
respect to the diilerent classes of individually agglomerated 
matter, and the relative size, conformation, density, and dis- 
tance of the heavenly bodies of this system ; and, secondly, 
with reference to other portions of our starry cluster, and of 
the changes of position of its central body, the Sun. 

The solar svsloin, that is to say, the variously-formed matter 
circling round the Sun, consists, according to the present state 
of our knowledge, o^ eleven 2*riiiMry 2^^^*^^^!^ eighteen satol- 

* [Since the publication of Baron Humboldt's work in 1845, several 
other planets have been discovered, making the number of those be- 
longing to our planetaiy system tixteen instead of eleven. Of these, 
Astrea, Hebe, (lora, and Iris are members of the remarkable group 
of asteroids between Mars and Jupiter. Astrea and Hebe were dis- 
covered by Heucke at Dricseu, the one in 184G and the other in 1847 ; 
Flora and Iris were both discovered in 1847 by Mr. Hind, at the South 
Villa Observatory, Regent's Park. It would appear from the latest de- 
termiuations of their elements, tliat the small planets have the following 
order with respect to mean distance fmm the Sun : Flora, Iris, Veita, 
Hebe, Astrea, Juno, Ceres, Pallas. Of these, Flora has the shortest 
period (about 3^ years). The planet Neptune, which, after having 
been predicted by several astronomers, was actually observed on the 
25th of September, 1846, is situated on the confines of our planetary 
system beyond Uranus. The discovery of this planet is not onily highly 
interestmg from the importance attached to it as a Question of science^ 
but also from the evidence it affords of the care ancf unremitting labor 
evinced by modem astronomers in the investigation and comparison of 
the older calculations, and the ingenious application of the results thus 
obtained to the observation of new facts. The merit of having paved 
the way for the discovery of the planet Neptune is due to M. Douvard, 
who, in his persevering and assiduous efforts to deduce the eutire orbit 
of Uranus from observations made during the forty years that succeed- 
ed the discovery of that planet in 1781, found the results yielded by 
tlieory to bo at vaiiance with fact, in a degree that hud no purallul iu 
the histoiT of astronomy. This startling aiscrepancv, which seemed 
only to gam additional weisht from every attempt made by M. Bouvard 
to correct his calculations, Tod Loverrior, after a careful modilicution of 
the tables of Douvard, to establish Uie pi*o|)ositioa that there was " a 
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litet or leoondaiy planets, and myriads of comets, three of 
which, known as the " planetary comets,*' do not pass beyond 
the narrow limits of the orbits described by the principal 
planets. We may, with no inconsiderable degree of prolMi- 
bility, include within the domain of our Sun, in the immedi- 
ate sphere of its central force, a rotating ring of vaporous mat- 
ter, lying probably between the orbits of Venus and Mars, but 
certainly beyond that of the Earth,* which appears to us in 

funiMil iiicoinpntibiHty Uotwoon tho obsonrccl inotiont of UntnuB tiid 
the hypotlieiiit thnt ho was Actud on cm/jr by the Suit and known nlan- 
atfi, acconling to tho Inw of uiiivcranl gravitation.*' J*uniuing thit idrfl^ 
LoTerrior arnvc«l al the conclusion thnt the disturbing canae muat bo a 
witmet, and, finally, afler an amount of labor that aeeios Perfectly over- 
whelming, he, on the Slst of Aaffuit, 1846, laid before the French In- 
■titote a paper, in which he intricnled the exnct upot in the heavena 
whom ihifi new |iliinolnry iNwly wtHild Imj IoiiihI, Riving tho (iillowing 
data for itn varioua I'lfUMMilii : moan di«*tanco fnmi llm 8uu, 30*154 limo* 
that of tho Bartli; prritMl of revolution, 217*387 yoarit moan long., 
Ian. lat, 1847, 318^ 47'; mnw, §i§§^^* belioconlric long., Jan. }nU 
1847, .126^ 32'. KMonliid dilTlcultios ttill intenronod. however, and at 
the remotcm^aa of tho plaiiot rendered it improbable that ita dink woald 
be diacemible by any tel«»copic inatminent, no other meaua remained 
for detecting the auspected body but ita plonotmry nuitiou, which coald 
only be ascertained uy mapoing, after every obtenration, the quarter 
of tho heavena scanned, ana by • comparison of the vanooa mopa. 
Fortanately for the verification ol Leverrier's predictiona, Dr. Bremiker 
bad iuat completed a map of the precise region in which it was expect- 
ed the new planet would appear, this beinc one of a aeries of mapa 
mode lor tlio Aciidemy of Dcrlin. of the small stars along the entire xo- 
diae. By means of Uiis valuable assistance, Dr. Galle, of the Berlin 
Obaenratory, was led, on the 25th of September, 184G, by the di^cov- 
efy of a stiu* of tho eighth magnitude, not recorded in Dr. Bremikcr's 
map, to make the first observation of the planet predicted by Leverrier. 
By a singular coincidence, Mr. Adams, of Cambridfre, had predicted 
the appearance of the planet simultaneously with M. Leverrier; bat 
by the concurrence of several circumstances much to lie regretted, the 
woHd at large were not made acquainted with Mr. Adams's valuable 
discovery until Rubs(*qiiontly to the |»criiMl nt which I^vrrrier published 
hia obsorvniions. A^ llio dntn of leverrier niNl Adnms sIiuhI at fireaent. 
there is a discrepancy liotwcen the predicted nml the true distance, and 
in aomo other elements of tho pinnct; it rcnmiiis, therefore, for tlieae 
or future astronomors to reconcile theory witli fact, or |>crhspa, as in 
the caae of Uranus, to make tlie now planet tho moons of Icailing to yet 
grmitor d'iscovnrios. It would apiionr from Uic m<Mt recent t»liaorvati<mN, 
that tlio mass of Nrptune, instead of being, as at first slated, § jf |tli, ia 
only about w^f f a^b that of the Sun, while its periodic time is now givoQ 
with a greater pmbability at 16G years, and its mean distance from the 
Ban nearly 30. The planet appears to have a ring, but as vet no oc* 
cofBte observations have been nuule reganling its system oi satelliteo. 
Bee rraa«.i4s/roB.5oc.,aud The Planet Nepimn^, 184S,I^ J. V. NichoU.] 
•-7V. 

* '^ If there should be molecules in the xones difTosed by the atmna 
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a pyramidal forin, and is known as tho Zodiacal Li^^ht; and 
a boat of very small asleroids, whose orbits uitlicr iiiterseot, of 
very nearly appmach, that of our oailh, and which present us 
with the phenomena of aerolites and hilling or shooting stara. 
M^hen we consider the complication of variously-ibrmed bodies 
which revolve round the Sun in orbits of such dissimilar ec- 
centricity — although we may not bo disposed, with tho im- 
mortal author of the Mecanique CelaUe, to regard the larger 
number of comets as nebulous stars, passing from one central 
system to another,* we yet can not fail to acknowledge that 
the planetary system, especially so called (that is, the group 
of heavenly bodies which, together with their satellites, re- 
volve with but slightly eccentric orbits round the Sun), con- 
stitutes but a small portion of tho whole system with respect 
to individual numbers, if not to mass. 

It has been proposed to consider the telescopic planets, Ves- 
ta, Juno, Ceres, and Pallas, with their more closely intersect- 
ing, inclined, and eccentric orbits, as a zone of separation, or 
as a middle group in spaco ; and if this view bo adopted, wo 
shall discover that tho interior planetary group (consisting of 
Mercury, Venus, the Earth, and Mars) presents several very 
striking contrastst when compared with the exterior group, 
comprising Jupiter, Saturn, and Uranus. The planets near- 
est the Sun, and consequently included in the inner group, are 
of more moderate size, denser, rotate more slowly and with 
nearly equal velocity (their periods of revolution being almost 
all about 24 hours), aro less compressed at the poles, and, with 
the exception of one, are without satellites. The exterior 
planets, which are further removed from the Sun, are very 
considerably larger, havo a density five times less, more than 
twioe as great a velocity in the period of their rotation round 
their axes, are more compressed at the poles, and if six satel- 
lites may be ascribed to Uranus, have a quantitative prepon- 
derance in the number of their attendant moons, which is as 
seventeen to one. 

phero of the Sun of too volatilo a nature either to combine with one 
uuollior or with the nliiuotii, wo inuBt iinp|N>80 tlmt llioy wtiuld, in uir- 
cling ruuud Uiut luiutiuiry, protieut ull thu apiieuinuicoa ul' zotliucul light, 
without op|M}siug auy approciable ronistauco to the ditlureut btMlies coin- 
pofting the planetary Bystoin, oithor owing to their extreme ruritj, or 
to Uie similarity existing between their motion and that of tlie planctii 
with which they come in contact." — Laplace, Expoi. du Syii. du AloiuU 
(ed. 5), p. 415. 

* Laffluce, Exp. dn Syit. du Monde, n. 396, 414. 

t Liltruw, AUroHomiCt 1825, bd. xi., \ 1U7. MHdlor AUron,, 1841, 
% 212. LAplttCo, Exp. d% Sftl. du Monde, p. 210. 
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8uch general considerations regarding certain charaoteiistio 
properties appertaining to whole groups, can not, however, be 
applied with equal justice to the individual planets of every 
group, nor to the relations between the distances of the revolv- 
ing planets from the central body, and their absolute size, 
density, period of rotation, eccentricity, and the inclination of 
their orbits and the axes. We know as yet of no inherent ne- 
cessity, no mechanical natural law, similar to the one which 
teaches us that the squares of the periodic times are propor- 
tional to the cubes of tho major axes, by which the above- 
named six elements of the planetary bodies and the form of 
their orbit are made dependent either on one another, or on 
their moan distance from the Sun. Mars is smaller than the 
Earth and Venus, although further removed from the Sun 
than those last-named planets, approaching most nearly in size 
to Mercury, tho nearest planet to tiio Sun. Saturn is smalloi 
than Jupiter, and yet much larger than Uranus. The zono 
of the telescopic planets, which have so inconsiderable a vol 
ume, immediately precede Jupiter (the greatest in size of any 
of the planetary bodies), if we consider them with regard to 
distanq^ from the Sun ; and yet the disks of these small aster- 
oids, which scarcely admit of measurement, have an areal sur- 
face not much more than half that of France, Madagascar, or 
Borneo. However striking may be the extremely small dens- 
ity of all tho colossal planets, which are furthest removed from 
the Sun, wo aro yot unable in this respect to rocoguize any 
regular succession.* Uranus appears to be denser than Sat- 
urn, even if wo adopt the smaller mass, jil^j, assumed by 
Lament ; and, notwithstanding the inconsiderable diflerence 
of density observed in the innermost planetary group,t we find 
both Venus and Mars less dense than the Earth, which lies 
between them. The time of rotation certainly diminishes 
with increasing solar distance, but yet it is greater in Mars 
than in the Earth, and in Saturn than in Jupiter. The el- 

* Bee Kepler, on the iDcreMins density and volume of the planet« in 
proportion with tlieir increase of distance from the Sun, which is de- 
■cribcd as tlio densest of all the heavenly bodies; in tho Etniome A^ 
irom. Coptm, ta vii. libro» digeUa, 1G18-1G22, p. 420. Leihniis also in- 
clined to tlie opinions of Kepler and Otto yon Oucricke, that the plao« 
•U increase in volume in proportion to thoir increase of distance from 
tlie Sun. See his letter to tne Magdeburg Durgonuutor (Mayen'^e, 
1671), in Loibnitx, Deultcken Schri/Umt ktratitg. voii OaAraMr, th. i., 
f 264. 

t On tho arrangement of miMCi, Me Enoke, in Bcham., AmIv, Ntiekr^ 
1S43 Nr. 488, \ 114. 
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liptio orbits of Juno, Pallas, and Mercury haye the greatutt 
degree of occontricity, and Mars and Venus, which imroodi- 
ately follow each other, have the least. Mercury and Venus 
exhibit the same contrasts that may be observed in the four 
smaller planets, or asteroids, whose paths are so closely inter- 
woven. 

Tlie eccentricities of Juno and Pallas are very nearly iden- 
tical, and are each three times as great as those of Ceres and 
Vesta. The same may be said of the inclination of the orbits 
of the planets toward the plane of projection of the ecliptic, or 
in the position of their axes of rotation with relation to their 
orbits, a position on which the relations of climate, seasons of 
the year, and length of the days depend more than on eccen- 
tricity. Those planets that have the most elongated elliptic 
orbits, as Juno, Pallas, and Mercury, have also, although not 
to the same degree, their orbits most strongly inclined toward 
the ecliptic. Pallas has a comet-like inclination nearly twen- 
ty-six times greater than that of Jupiter, while in the little 
planet Vesta, which is so near Pallas, the angle of incUnation 
scarcely by six times exceeds that of Jupiter. An equally ir- 
regular succession is observed in the position of the axes of 
the few planets (four or five) whose planes of rotation we 
know with any degree of certainty. It would appear from 
the position of the sateUites of Uranus, two of which, the sec- 
ond and fourth, have been recently observed with certainty, 
that the axis of this, the outermost of all the planets, is scarce- 
ly inclined as much as 11° toward the piano of its orbit, while 
Saturn is placed between this planet, whoso axis almost coin- 
cides with the plane of its orbit, and Jupiter, whoso axis of 
rotation is nearly perpendicular to it. 

In this enumeration of the forms which compose the world 
in space, we have delineated them as possessing an actual ex- 
istence, and not as objects of intellectual contemplation, or as 
mere links of a mental and causal chain of connection. The 
planetary system, in its relations of absolute size and relative 
l)osition of the axes, density, time of rotation, and didereiit de- 
gress of eccentricity of the orbits, does not appear to oiler to 
our apprehension any stronger evidence of a natural necessity 
than the proportion observed in the distribution of land and 
water on the Earth, the configuration of continents, or the 
height of mountain chains. In these respects we can discover 
no common law in the regions of space or in the inequalities 
of the earth's crust. They are facts in nature that have 
arisen from the conflict of manifold forces acting under un« 
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known conditions, although man oonfidera as accidental what« 
ever he is unahlo to explain in the planetary formation on pure- 
ly genetic principles. If the planets have heen formed out of 
separate rings of vaporous matter revolving round the Sun, 
we may conjecture that the diflerent thickness, unequal dens- 
ity, temperature, and electro-magnetic tension of these rings 
may have given occasion to the most various agglomerations 
of matter, in the same manner as the amount of tangential 
velocity and small variations in its direction have produced so 
great a difierence in the forms and inclinations of the elliptic 
orhits. Attractions of mass and laws of gravitation have no 
doubt exercised an influence here, no less than in the geog- 
nostic relations of the elevations of continents ; but we are un- 
able from present forms to draw any conclusions regarding the 
scries of conditions through which they have passed. Even 
the so-called law of the distances of the planets from the Sun, 
the law of progression (which led Kepler to conjecture the ex- 
istence of a planet supplying the link that was wanting in the 
ohain of connection between Mars and Jupiter), has been found 
numerically inexact for the distances between Mercury, Venus, 
and the Earth, and at variance with the conception of a series, 
owins; to the necessity for a supposition in the case of the first 
merooer. 

The hitherto discovered principal planets that revolve round 
our Sun are attended certainly by fourteen, and probably by 
eighteen secondary planets (moons or satellites). The pnnci* 
pal planets are, therefore, themselves the central bodies of sub- 
ordinate systems. We seem to recognize in the fabric of the 
universe the same process of arrangement so frequently ex- 
hibited in the development of organic life, where we find in 
the manifold combinations of groups of plants or animals the 
same typical form repeated in the subordinate classes. The 
secondary planets or satellites are more frequent in the extern- 
al region of the planetary system, lying beyond the intersect- 
ing orbits of the smaller planets or asteroids ; in the inner re- 
gion none of the planets are attended by satellites, with the 
exception of tlio Lartli, whoso moon is relatively of great mag- 
nitude, since its diameter is equal to a fourth of that of the 
Earth, while the diameter of the largest of all known second 
ary planets — the sixth satellite of Saturn — is probably aboui 
one seventeenth, and the largest of Jupiter's moons, the third, 
only about one twenty-sixth part that of the primary plauot 
or central body. The planets which are attended by the 
largest number of satellites are most remote from the Sun, 
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and are at the same time the largest, most compriessed at the 
poles, and the least douse. Acoordiiig to the most recent 
measurements of Miidler, Uranus has a greater planetary 
compression tlian any other of the planets, viz., ^iT^* ^^ ^^^ 
Earth and her moon, whose mean distance from one another 
amounts to 207,200 miles, we find that the diflerences of 
mass* and diameter between the two are much less consider- 
able than are usually observed to exist between the pnncipal 
planets and their attendant satellites, or between bodies of 
difierent orders m the solar system. While the density of the 
Moon is five ninths less than that of the Earth, it would a]H 
pear, if we may sufliciently depend upon the determinations 
of their magnitudes and masses, that the second of Jupiter'a 
moons is actually denser than that great planet itself. Among 
the fourteen satellites that have been investigated with any 
degree of certainty, the system of the seven satellites of Saturn 
presents an instance of the greatest possible contrast, both in 
absolute magnitude and in distance from the central body. 
The sixth of these satellites is probably not much smaller than 
Mars, while our moon has a diameter which does not amount 
to more than half that of the latter planet. With respect to 
volume, the two outer, the sixth and seventh of Saturn's satel- 
lites, approach the nearest to the third and brightest of Jupi* 
ter*s moons. The two innermost of these satellites belong 
perhaps, together with the remote moons of Uranus, to the 
smallest cosmical bodies of our solar system, being only made 
visible under favorable circumstances by the most powerful 
instruments. They were first discovered by the ibrty-foot 
telescope of William Ilerschel in 1789, and were seen again 
by John Ilerschel at the Cape of Good Hope, by Vice at Rome, 
and by Lament at Munich. Determinations of the true di- 
ameter of satellites, made by the measurement of the apparent 
size of their small disks, are subjected to many optical diffi- 
culties ; but numerical astronomy, whose task it is to prede- 
termine by calculation the motions of the heavenly bodies as 
they will appear when viewed from the Earth, is directed al- 

* If, accordiuff to Burckhardt'ii detoriniimtion, the Moon's radiui be 
0.2725 aod its volume ^j/.^p^lii ^^ deosity will be 0*5596, or nearly five 
ninths. Oompare. also, Wilb. Beer und H. Midler, der Mond, ^ 2, 
10, and Midler, A$t., $ 157. The material contents of the Moon are, 
according to Hansen, nearly ^^th (and according to Midler r J.^th) 
that of the EUirth, and its mass equal to | ^ .\g d that of the Eartti. Iq 
the largest of Jupiter's moons, the third, the relations of volume to the 
ooutrafbody are f-rls-^^^ Aod of moss yy^.th. On the polar flatten- 
ing of (Jrmnus, see Sebum., A$iron, Naehr., 1844, No. 493. 
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most exclusively to motion and mass, and but little to Tolume. 
The absolute distance of a satellite from its central body is 
greatest in the case of the outermost or seventh satellite of 
Saturn, its distance from the body round which it revolves 
amounting to more than two millions of miles, or ten times as 
great a distance as that of our moon from the Earth. In the 
case of Jupiter we find that the outermost or fourth attendant 
moon is only 1,040,000 miles from that planot, while the dis- 
tance between Uranus and its sixth satellite (if the latter real- 
ly exist) amounts to as much as 1,360,000 miles. If we com- 
pare, in each of these subordinate systems, the volume of the 
main planet with the distance of the orbit of its most remote 
satellite, we discover the existence of entirely new numerical 
relations. The distances of the outermost satellites of Uranus, 
Satnm, and Jupiter are, when expressed in semi-diameteTS 
of the main planets, as 91, Gi, and 27. Thooutonnost satel- 
lite of Saturn appears, therefore, to be removed onlv about 
one 6fteenth further from the center of that planet than our 
moon is from the Earth. The first or innermost of Saturn's 
satellites is nearer to its central body than any other of the 
secondary planets, and presents, moreover, the only instance 
of a period of revolution of less than twenty-four hours. Its 
distance from the center of Saturn may, according to Madler 
and Wilhelm Beer, be expressed as 2*47 semi-diameters of that 
planet, or as 80,088 miles. Its distance from the surface of 
the main planot is therefore 47,480 miles, and from the outer- 
roost edffe of the ring only 49 16 miles. The traveler may 
form to himself an estimate of the smallnesa of this amount 
by remembering the statement of an enterprising navigator, 
Captain Becchey, that he had in three years passed over 72,800 
miles. If, instead of absolute distances, we take the semi-di- 
ameters of the principal planets, we shall find that even the 
first or nearest of the moons of Jupiter (which is 26,000 miles 
further removed frotn the center of that jilanet than our moon 
is from that of the Earth) is only six semi-diameters of Jupitel 
firom its center, while our moon is removed from us fully 60 ^d 
lemi-diameters of the Earth. 

In the subordinate systems of satellites, we find that the 
same laws of gravitation which regulate the revolutions of the 
principal planets round the Sun likewise govern the mutual 
relations existing between these planets among one another 
and with reference to their attendant satellites. The twelve 
moons of Saturn, Jupiter, and the Earth all move like the 
pnmary planets from west to east, and in elliptic orbiti, d*- 

VoL. I— E 
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viatiag but little from circles. It is only in the case of our 
moon, and perhaps in that of the first and innermost of the 
satellites of Saturn (0*0G8), that we discover an eccentricity 
greater than that of Jupiter ; according to the very exact oS 
rorvations of Bessel, the eccentricity of the sixth of Satum*f 
eaiellites (0*029) exceeds that of the Earth. On the extremes! 
limits of the planetary system, where, at a distance nineteen 
times greater than that of our Earth, the centripetal force of 
the Sun is greatly diminished, the satellites of Uranus (which 
have certainly been but imperfectly investigated) exhioit the 
most striking contrasts from the facts observed with regard U 
other secondary planets. Instead, as in all other satellites, of 
having their orbits but slightly inclined toward the ecliptic 
and (not excepting even Saturn's nng, which may be regard- 
ed as a fusion of agglomerated satellites) moving from west to 
east, the satellites of Uranus are almost perpendicular to the 
ecliptic, and move retrogressivoly from oast to west, as Sir 
John Ilersohel has proved by observations continued during 
many years If the primary and suooudary planets have l>con 
formed by the condensation of rotating rings of solar and plan- 
etary atmosphcrio vapor, there must have existed singular 
causes of retardation or impediment in the vaporous rings re- 
volving round Uranus, by which, under relations with which 
we are unacquainted, the revolution of the second and fourth 
of its satellites was made to assume a direction opposite to that 
of the rotation of the central planet. 

It seems highly probable that the period of rotation of all 
secondary planets is equal to that of their revolution round 
the main planet, and therefore that they always present to 
the latter the same side. Inequalities, occasioned by slight 
yariations in the revolution, give rise to fluctuations of from 
6^ to 8^, or to an apparent libration in longitude as well as 
in latitude. Thus, m the case of our moon, we sometimes 
observe more than the half of its surface, the eastern and 
northern edges being more visible at one time, and the west- 
em or southern at another. By means of this libration* we 
are enabled to see the annular mountain Malapert (which oc- 
casionally conceals the Moon's south pole), the arctic laud- 
scape round the crater of Gioja, and the largf gray plane near 
Endymion, which exceeds in superficial extent the Mare Va- 
porum. Three sevenths of the Moon's surface are entirely 

* Deer and M&dler, op. cit., $ 185, i. 208, and ^ 347, i 33*1 ; miuI u 
Uieir Phji$. KenntnisB der himml. Korpcr, f. 4 uoJ 69, T»b. 1 (rhywo 
•1 History of the Heavenly Bodici). 
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oonoealed from our obsenration, and must always remain bo^ 
unless new and unexpected disturbing causes come into plav. 
These cosmicai relations involuntarily remind us of neari^f 
similar conditions in the intellectual world, where, in the do* 
main of deep research into the mysteries and the primeval 
creative forces of nature, there are regions similarly tamed 
away from us, and apparently unattahiable, of which only a 
narrow margin has revealed itself, for thousands of years, t« 
the human mind, appearing, from time to time, either glim- 
mering in true or delusive light. We have hitherto consid- 
ered the primary planets, their satellites, and the concentric 
rings which belong to one, at least, of the outermost planets, 
as products of tangential force, and as closely connected to- 
gether by mutual attraction ; it therefore now only remaint 
for us to s|)oak of the unnumbcrod host of conicU which con- 
stitute a ]K)rtion of tlio cosmicai bodies revolving in independ- 
ent orbits round the 8un. If we assume an equable distribu- 
tion of their orbits, and the limits of their perihelia, or groatott 
proximities to the Sun, and the possibility of their remaining 
m visible to the inhabitants of the Earth, and base our esti- 
mates on the rules of the calculus of probabilities, we shall 
obtain as the result an amount of myriads perfectly astonish- 
ing. Kepler, with his usual animation of expression, said that 
there were more comets in the regions of space than fishes in 
the depths of the oi*.can. As yet, however, there are scarcely 
one hundred and fifty whose paths have been calculated, if 
wo may assume at six or seven hundred the number of comets 
whose ap]ioarance and ]iassage through known constellations 
have bcKsn ascertained by more or less precise observations. 
While the so-called classical nations of the West, the Greeks 
and Romans, although they may occasionally have indicated 
the position in which a comet first appeared, never aflbrd any 
information regarding its apparent path, the copious literature 
of the Chinese (who observed nature carefully, and recorded 
with accuracy what they saw) contains circumstantial notioes 
of the constellations through which each comet was observed 
to pass. These notices go back to more than five hundred 
years before the Christian era, and many of them are still 
found to be of value in astronomical observations.* 

* Tho flint comcU of whn«e nrbiu we hare aiiy knowledge, sod 
which wore i-Hlculat*'tl fnMii Chiiione olMiorviilioiiii, iiro UitMie of 240 (an- 
clcr Uurtlinii III.). ^39 (umler JiMtiiiinii), GC"), 508. .'»74, 837, 13:i7, nihI 
13^. See John lluMcU lliiul.in Sciiiiiii., Aafrm, Nnckr., 1843, No. 498 
While the coniet uf 837 (which, according to Du S^our, contiuoed doi* 
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Althougli comets havo a Bmaller mass than any other oot- 
mical bodies — being, according to our present knowledge, prob- 
ably not equal to j^g-^th part oi' the Earth's mass — yet they 
occupy the largest space, as their tails in several instances ex- 
tend over many millions of miles. The cone of luminous va- 
por which radiates from them has been found, in some cases 
(as in 1G80 and 1811), to equal the length of the Earth's 
oistance i'rom the Sun, forming a line that intersects both the 
orbits of Venus and Mercury. It is even probable that the 
vapor of the tails of comets mingled with our atmosphere in 
the years 1819 and 1823. 

Comets exhibit such diversities of form, which appear rath 
er to appertain to the individual than the class, that a de- 
scription of one of these " wandering light-clouds," as they 
were already called by Xenophanes and Theon of Alexandria, 
cotomporaries of Pappus, can only bo applied with caution to 
another. The faintest telescopic comets are generally devoid 
of visible tails, and resemble Herschcl's nebulous stars. They 
appear like circular nebulin of faintly-gluninering vapor, with 
the light concentrated toward the middle. This is the most 
simple type ; but it can not, however, be regarded as rudi- 
mentary, since it might equally be the type of an older cos 
mical body, exhaustod by exhalation. In the larger comets 
we may distinguish both the so-called " head" or " nucleus," 
and the single or multiple tail, which is characteristically de 
nominated by the Chinese astronomers ** the brush" {sui). 
The nucleus generally presents no definite outline, although, 
in a few rare oases, it appears like a star of the first or second 
magnitude, and has even been seen in bright sunshine ;* as, 

ing twenty-four hours within a distance of 2,000,000 miles from the 
Barth) terrified Louis I. of France to that decree that he busied him 
self in building churches and founding monastic establishments, in the 
hope of appeasing the evils threatened by its appearance, the Chinese 
utronomers made observations on the path of this cosmical body, whose 
tail extended over a space of GO^, appearing sometimes single and 
sometimes mullinlo. The first comet tnat lias been calculated solely 
from European observations was tljat of 145C, known os Ila11ey*s corn- 
et, from tho belief long, but erroneously, entertained that iho norioj 
when it was first obsurvud by that ostrunoaior was its first and only 
well-attested ui>|)oarancc. 8eo Arugo, in the Annutiire, 183G, p. 204, 
and Laugier, Comple* Rendus de» Siances de PAcad., 1843, t. xvi., 
1006. 

* Arago, Annuair€t 1832, p. 209, 211. Tho phenomenon of tho tail 
of a comet being visible in bright suashino, which is recorded of iho 
comet of 1402, occurred again ni tho cuso of thu largo coniul of 1843, 
whose nucleus and tail wore aeon in North America on thu 28th of Feb* 
niary (according to the Dstimouy of J. G. Olarku, of Portland, state of 
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for instance, in the large comets of 1402, 1532, 1577, 1744, 
and 1843. This lattor ciroumBtance indicates, in particular 
indiTiduals, a donsor mass, capable of reflecting light with 
greater intensity. Even in Ilerschers large telescope, only 
two comets, that discovered in Sicily in 1807, and the splen- 
did one of 1811, exhibited wolMeruicd disks ;* the one at an 
angle of 1", and the other at 0"*77, whence the true diamo- 
tors arc assumed to be 53G and 428 miles. The diameters 
of the less well-defined nuclei of tlio comets of 1798 aud 1805 
did not appear to exceed 24 or 28 miles. 

In several comets that have been investigated with great 
care, especially in the above-named one of 1811, which con- 
tinued visible for so long a period, the nucleus and its nebu- 
lous envelope were entirely separated from the tail by a darker 
space. The intensity of light in the nucleus of comets does 
not augment toward the center in any uniform degree, bright- 
ly shining zones being in many cases separated by concentric 
nebulous envelopes. The tails sometimes appear single, some- 
times, although more rarely, double ; and in the comets of 
1807 and 1843 the branches were of diflerent lengths; in 
one instance (1744) the tail had six branches, the whole 
forming an angle of 60^. The tails have been sometimec 
straight, sometimes curved, either toward both sides, or to- 
ward the side appearing to us as the exterior (as in 1811), or 
convex towanl the direction in which the comet is moving 
(as in that of 1018); and somotimos the tail has oven aji- 
peared like a flame m motion. The tails aro always turned 
away from the sun, so that their line of prolongation passes 
through its center ; a fact wliich, according to Edward Biot, 
was noticed by the Chinese astronomers as early as 837, but 
was first generally made known in Europe by Fracastoro and 
Peter Apian in the sixteenth century. These emanations 
may be regarded as conoidal envelopes of greater or less thick- 
Maine), botwecu 1 mid 3 o'clock in Uio aftonioon.* Tho disbuico of 
the vei^ (lonio nacloot from the Min's light admitted of being meosored 
with much oxactneM. The nacleiu and tail appeared like a very para 
white cload, a darker space intenrening between the tail and the nu- 
cleoa. {Amer. Jonm. of Science^ vol. xIt., No. 1, p. 229.) 

* PkU. Trans, fur 1808. Part ii., p. 155, and for 1812, Tart i., p. 118. 
Tlie diametert found by ller»chol for the nuclei were 538 and 428 En* 
aliah milea. For tho magniludea of the comets of 1798 and 1805, aae 
Arago, Annuairet 1832, p. 203. 

• (Tho trandator wna at New Bedford, Naasachttaottii, U. 8^ on tho 9fth Febr«» 
ry, 1043, and dtatlnctiy mw the eonet, betweea 1 and 9 In the afternoon. The ak$ 
St tftie thne waa intenacly blue, and tbs son shiainf with s dassUof brlfbtasss a» 
Bitnwn In Karopeas elUnalea.}— 7> 
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ness, and, considered in this manner, they furnish a simple 
explanation of many of the remarkable optical phenomena al- 
ready spoken of 

Comets are not only characteristically diflerent in form, 
some being entirely without a visible tail, while others have 
a tail of immense length (as in the instance of the comet of 
1G16, whose tail measured 104°), but we also see the same 
oomota undergoing successive and rapidly-changing processes 
of configuration. These variations of form have been most 
accurately and admirably described in the comet of 1744, by 
Hensius,'at St. Petersburg, and in Halley's comet, on its last 
reappearance in 1835, by Bessel, at Konigsberg. A more or 
less well-deAned tuft of rays emanated from that part of the 
nucleus which was turned toward the Sun ; and the rays be- 
ing bent backward, formed a part of the tail. The nucleus 
of Halley's comet, with its emanations, presented the appear- 
ance of a burning rocket, the end of which was turned side- 
ways by the force of the wind. The rays issuing from the 
head wore seen by Arogo and myself, at the Observatory at 
Paris, to assume very diileront forms on successive nights.* 
The great Konigsberg astronomer concluded from many meas- 
urements, and from theoretical considerations, '* that the cone 
of light issuing from the comet deviated considerably both to 
the right and the left of the true direction of the Sun, but 
that it always returned to that direction, and passed over to 
the opposite side, so that both the cone of light and the body 
of the comet from whence it emanated experienced a rotatory, 
or, rather, a vibratory motion in the plane of the orbit." He 
finds that ** the attractive force exercised by the Sun on heavy 
bodies is inadequate to explain such vibrations, and is of opin- 
ion that they indicate a polar force, which turns one semi-di- 
ameter of the comet toward the Sun, and strives to turn the 
opposite side away from that luminary. The magnetic polar 
ity possessed by the Earth may present some analogy to this , 
and, should the Sun have an opposite polarity, an influence 
might be manifested, resulting in the precession of the equi- 
noxes." This is not the place to enter more fully upon the 
grounds on which explanations of this subject have been bas- 
ed ; but observations so remarkable,! and views of so exalted 

* Arogo, Dei CKangemenit phytiqueM de la Cotnite de Hallev du 15- 
23 OeLf 1835. Annuaire^ 1836, p. 218, 221. The ordiiiury direction 
of the emanutioiu woi noticed even in Nero's time. " Coma radios ao- 
Us <^ttgiun/."— Seneca, Nat. Quatt., vii., 20. 

t \Umo\f in Schuuiuchor, A§ir, Nachr., 183G, No. 300-302, s. 188, 192, 
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& oh&raotcr, rogardlng iho most wonderful class of the eotmio- 
al bodies bolouging to our solar system, ought not to bo en- 
tirely passed over in this sketch of a general picture of nature. 

Although, as a rule, the tails of comets increase in magni- 
tude and brilliancy in the vicinity of the sun, and are direotod 
away from that central body, yet the comet of 1623 odbrod 
the remarkable example of two tails, one of which was turned 
toward the sun, and the other away from it, forming with 
each other an angle of 160°. Modifications of polarity and 
the unequal manner of its distribution, and of the direction in 
which it is conducted, may in this rare instance have occa- 
sioned a double, unchecked, continuous emanation of nebulous 
matter.* 

Aristotle, in his Natural Philosophy, makes these emana- 
tions the means of bringing the phenomena of comets into a 
singular connection with the existence of the Milky Way. 
According to his views, the innumerable quantity of stars 
which compose this starry zone give out a self-luminous, in- 
candescent matter. The nebulous belt which separates the 
different portions of the vault of heaven was therefore regard- 
ed by the Stagirite as a large comet, the substance of which 
was incessantly being renewed.! 

107, 200, 202, and 230. Also in Schumacher, Jahrh., 1837, ■. 149, 168. 
William Herachel, in hit obsenrationf on tho beautiful comet of 1811, 
believed ilmt lio hiul dijicovcrcd evidencot of tho rotation of tlie nucleoi 
•ml tail (VkU, Trniu. for 1812, Tart i., i». HO). Dniilop. nt Poromat- 
la, th'nigtit tho nmio with rororonco to tiio thinl c«>inot of ISS.**. 

* DoMol, in ilfir. Nackr,, 1830, No. 302, ■. 231. Schum., Jakrb,, 1837 
■. 175. Boo, almi, Lchmnnu, Uther Comeietuehieeife (On tho TaiU o^ 
OomotM), in Bodo, A$lron. Jakrb. fkr 1820, ■. 168. 

t Arittot., Meteor., i., 8, H-U, und 19-21 (od. Idolor, t i., p. 32-34). 
Bieee, PkU. des A ri ttoUies, bd. ii., ■. 86. Since Ariitotlo ezerciMd oo 
great on influence throughout the whole of the Middle Agef , it is verr 
much to be regretted that he was so averse to those grander views of 
the elder Pythagoreans, which inculcated ideas so nearly approxima- 
ting to truth respecting tlio.structure of the universe, lie ossorts thut 
comets are transitory meteors belonging to our atmewphere in the very 
book in which ho cites tlio opinion of too Py Uingoroan school, aocord- 
Ing to which these cosmicol uodios are supiKMciTto be planets having 
long periods of revolution. (Aristot., i., 6, 2.) This Pytliogorcau doc- 
trine, which, according to tlio testimony of ApoHonius Myndius, was 
■till more ancient, havmg originated with the Chaldcnns, |iassod over 
to the Romans, who in this instance, as wot their usual practice, were 
merely the cofiiers of others. The Myndian philosopher describes the 

Clh of comets as directed toward tlie upper and remote regions of 
aven. Hence Seneca says, in his NtU. Qk4t$i., vii., 17 : *< ComeUt 
pom tti $peeiei falan, ted proprium ndm tient talis et Innm : altiorm wnm» 
4i meat et tnne demnm apparel qnmm in imnm cttrnnn tui veail;" and 
again (at vii., 27), " Ccmelet atemoe eue H mriie ^uedem, ea^/tu emierm 
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The occultatioii of the fixed stars by the nucleus of a com 
et, or by its innermost vaporous envelopes, might throw some 
light on the physical character of these wonderful bodies ; but 
we are unfortunately deficient in observations by which we 
may be assured* that the occultation was perfectly central ; 
for, as it has already been observed, the parts of the envelope 
contiguous to the nucleus are alternately composed of layers 
of dense or very attenuated vapor. On the other hand, the 
carefully conducted measurements of Bessel prove, beyond all 
doubt, that on the 29th of September, 1835, the light of a 
star of the tenth magnitude, which was then at a distance of 
7'''78 from the central point of the head of Halloy's comet, 
passed through very dense nebulous matter, without experi- 
encing any deflection during its passage.! If such an absenoe 
of refracting power must be ascribed to the nucleus of a com- 
et, we can scarcely regard the matter composing comets as a 
gafX)ouB fluid. The question hero arises whether this absence 
of refracting power may not be owing to the extreme tenuity 
of the fluid ; or does the comet consist of separated particles^ 
constituting a cosmical stratum of clouds, which, like the 
clouds of our atmosphere, that exercise no influence on the 

(iidera), etiamti faciem Hits non hetbeiU nmil^m.** PliDy (ii., 25) also r^ 
ten to Apolluuiua Myndiua, when he says, " Sunt qui et hae sidera per- 
petua e$$e ertdant tuoque ambitu ire, $ed non nisi relicta a iole eemi." 

* Olbors, iu Astr. Naehr., 1828, s. 157, 184. Ai-ago, De la ConsHtU' 
tion physique des ComiUs; Annuaire de 1833, p. 203,208. The an- 
cients were strack by Uie phenomenon that it was possible to see 
through comets as throagh a flame. The earliest evidence to be met 
with of stars having boon soon throngh comots is that of Democritut 
(Aristot., Meteor,, i., G, 11), and the statement leads Aristotle to make 
the not unimportant remark, that ho himsulf had observed the occulta- 
tion of one ol the stars of Goniiui by Junitur. Suuoca only speaks de- 
cidedly of tlie transparence of the tail of comets. ** We may see,*' says 
he, "stars through a comet as through a cloud (^Nat. Quetst., vii., 18); 
but we can only soe through the rays of tho tall, and not throngh the 
body of tho comot itself: non in ea parte qua sidits ipsum est spissi et 
solidi ignis, sed qtut rarus splendor oceurrU et in crines dispergitur* Per 
inlervalla ignium, non per ipsos, vides" (vii., 26). The last remark is 
unnecessary, since, as Galileo observed in the Saggiatore (LetUra a 
Monsignor Cesarini, 1G19), wo can certainly soe tln-ough a flame when 
it is not of too croat a thickness. 

t Bessel, in the Astron. Nachr., 183G, No. 301, s. 204, 20G. Struve, 
in Rfcueil des Mim. de PAead. de St. Petersb., 1836, p. 140, 143, and 
Astr. Naehr., 1836, No. 303, s. 238, writes as follows: "At Dorpat the 
star was in conjunction only 2^''2 from tho brightest point of the comet. 
The star remained continually visible, and its light was not perceptibly 
diminished, while the nucleus of tho comet seemed to be almost extin* 
gnishod before the radiance of the small star of the nintli or tenth mag 
nitude." 
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senith distance of tho Btan, does not aflect the ray of light 
passing through it ? In the passage of a comet over a star, a 
more or less considerable diminution of light has often been 
observed ; but this has been justly ascribed to the brightness 
of the ground from which the star seems to stand forth during 
the passage of the comet. 

The most important and decisive observations that we pos- 
sess on the nature and the light of comets are due to Arago's 
polarization experiments. His polarisoope instructs us re- 
garding tho physical constitution of tho Sun and comets, indi- 
cating whether a ray that reaches us from a distance of many 
millions of miles transmits light directly or by reflection ; and 
if the former, whether the source of light is a solid, a liquid, 
or a gaseous body. His apparatus was used at the Paris Ob- 
servatory in examining tho light of Capclla and that of the 
great coiiiot of 1 H 1 1). The latter showou polarized, and thoro- 
foro rofloctod light, while tho fixed star, an was to bo expect- 
ed, appeared to bo a self-luminous sun.* The existence of 
polarized comotary light annoimced itself not only by the in- 
equality of the images, but was proved with greater certainty 
on the reappearance of Halley's comet, in the year 1 835, by 
the more striking contrast of the complementary colors, de- 
duced from the laws of chromatic polarization discovered by 
Arago in 1611. These beautiful experiments still leave it 
undecided whether, in addition to this reflected solar light, 
comets may not have light of their own. Even in the case 
of tho planets, as, for instance, in Venus, an evolution of in- 
dependent light seems very probable. 

The variable intensity of light in comets can not always be 

* On the 3d of July, 1819, Ango made the first attempt to analjze 
the light of comets by polarizatioD, on the evening of the sadden ap 
pearanoe of the great comet. I was present at the Paris Obsenratorr, 
and was fully convinced, as were also Matthiea and the late DonTard, 
of tho dissimilarity in tho inlousity of tho lifflit soon in tho polnriscope, 
whon tlio instrument rocoivod cometory ligTit, Wlion it rocoivod liffht 
from On|>olln, which was nottr tlio comot, am] at nn of]iml nltittiilo, Uio 
imagofl woro of ocpml lutunsily. On tlio ronpponranco of llalloy's com- 
et in 1835, tlie instmmont was altorod so as to give, according to An^ 
go's chrumatio |M>lari»iti(m, two iroii|ros of cnmplomontory colors (groon 
and red). (Anmatea de Ckimie, L xiii., p. 108; Annnaire, 1832, p. 316.) 
" We must conclude from these observations/' says Arnco, " Uiat tlio 
cometary lieht was not entirely composed of rajs having tue properties 
of direct ligiit, there being light which was reflected specularly or po- 
larised, that is, coming from tho sun. It can not be stated with abiw 
lute certainty that cornets shine only with borrowed light, for bodies, 
hi becoming solf-luminoos, do or t, on that aoooont, loao the power of 
reBecting fiMvign light.'* 

£2 
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explained by the position of their orbits and their distance from 
the Sun. It would seem to indicate, in some individuals, the 
existence of an inherent process of condensation, and an in« 
creased or diminished capacity of reflecting borrowed light. 
In the comet of 1618, and in that which has a period of three 
years, it was observed first by Hevelius that the nucleus of 
the comet diminished at its perihelion and enlarged at its 
aphelion, a fact which, afler remaining long unheeded, was 
again noticed by the talented astronomer Valz at Nismes. 
Tlio regularity of the change of volume, according to the dif- 
ferent degrees of distance from the Sun, appears very striking. 
The pltysical explanation of the phenomenon can not, howev- 
sr, be sought in the condensed layers of cosmical vapor occur- 
ring in the vicinity of the Sun, since it is difiicult to imagine 
the nebulous envelope of the nucleus of the comet to be vesic- 
ular and impervious to the ether.* 

The dissimilar eccentricity of the orbits of comets has, in 
recent times (1819), m the most brilliant manner enriched our 
knowledge of the solar system. Encke has discovered the ex- 
istence of a comet of so short a period of revolution that it re- 
mains entirely witliin the limits of our planetary system, at- 
taining its aphelion between the orbits of the smaller planets 
and that of Jupiter. Its eccentricity must be assumed at 845, 
that of Juno (which has the greatest eccentricity of any of the 
planets) being 0*255. Encke's comet has several times, al- 
though with difficulty, been observed by the naked eye, as in 
Europe in 1819, and, according to Hiimker, in New Holland 
in 1822. Its period of revolution is about 3|d years; but. 
from a careful comparison of the epochs of its return to its 
perihelion, the remarkable fact has been discovered that these 
periods have diminished in the most regular manner between 
the years 1786 and 1838, the diminution amounting, in the 
course of 52 years, to about l^^th days. The attempt to 
bnng into unison the results of observation and calculation in 
the investigation of all the planetary disturbances, with the 
view of explaining this phenomenon, has led to the adoption 
of the very probable hypothesis that there exists dis^ierscd in 
space a vaporous substance capable of acting as a resisting 
medium. This matter diminishes the tangential force, and 
with it the major axis of the comet's orbit. The value of the 
constant of the resistance appears to be somewhat different 
before and af\er the perihelion ; and this may, perhaps, be as 

* Arago, in the Annuairef 1832, p. 217-^20. Sir John Herschel, 
A§lron.,^ 488. 
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Bribed to the altered form of the small nebulous stai in the 
rioinity of the Sun, and to the action of the unequal density 
of the strata of cosmical ether.* These facts, and the inves- 
tigations to which they have led, belong to the most interest- 
•ng results of modem astronomy. Encke*s comet has been 
the means of leading astronomers to a more exact investiga- 
tion of Jupiter's mass (a most important point with reference 
lo the calculation of perturbations) ; and, more recently, the 
eourse of this comet has obtained for us the first determina- 
tion, although only an approximative one, of a smaller mass for 
Mercury. 

The discovery of Enoko*s comet, which had a period of only 
31d years, was speedily followed, in 162G, by that of another, 
Biela's comet, whose period of revolution is 6}th years, and 
which is likcwiso planetary, having its aphelion beyond the 
orbit of Jupiter, but within that of Saturn. It has a fainter 
light than £ncko*s comet, and, like the latter, its motion is 
direct, while Halley*s comet moves in a course opposite to that 
pursued by the planets. Biela's comet presents the first cer- 
tain e3ULmple of^ the orbit of a comet intersecting that of the 
Earth. This position, with reference to our planet, may there- 
fore be productive of danger, if we can associate an idea of 
danger with so extraordinary a natural phenomenon, whose 
history presents no parallel, and the results of which we are 
oonsequently unable correctly to estimate. Small masses en- 
dowed with enormous velocity may certainly exercise a con- 
siderable power ; but Laplace has shown that the mass of the 
oomot of 1770 is probably not equal to n't f th of that of the 
Earth, estimating further with apparent correctness the mean 
mass of comets as much below tff? Fwth that of the Earth, 
or about 777? ^b that of the Moon.f We must not confound 
the passage of Biela's comet through the Earth's orbit with 
its proximity to, or collision with, our globe. When this pas- 
sage took place, on the 29th of October, 1832, it required a 
full month bcforo the Earth would reach the point of inter- 
section of the two orbits. These two comets of short periods 
of revolution also intersect each other, and it has been justly 
observed,} that amid the many perturbations experienced by 

* Encke, in the A9tr<mami$eke NaehriehUn, 1843, No. 489, 1. 130-132. 

t Laplace. ExpoM. dm Sytt. du M<mde, p. 216, 237. 

X Littrow, Btackreibende A$troH., 1835, ■. 274. On the inner comet 
recently diAcovorr<l liy M. Kayo, at the Obtenrntory of Pariii, and whoae 
•ooentricitv is 0-551, itBdi»tiiicc at iu |)criholiun 1-600, and ita distance 
St its a{>belion 5 832, see ScUiinuicher, Atiron, Nachr., 1844, No. 495. 
Bafsrding the suppoaed identity of the comet of 1766 with the third 
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luoh small bodies from the larger planets, there is 9l possibility 
—supposing a meeting of these comets to occur in October— 
that the inhabitants of the Earth may witness the extraordi- 
nary spectacle of an encounter between two cosmical bodies, 
and possibly of their reciprocal penetration and amalgamation, 
or of their destruction by means of exhausting emanations. 
Events of this nature, resulting either from deflection occa- 
sioned by disturbing masses or primevally intersecting orbits, 
must have been of frequent occurrence in the course of mill- 
ions of years in the immeasurable regions of ethereal space ; 
but they must bo regarded as isolated occurrences, exercising 
no more general or alterative eflects on cosmical relations than 
the breaking forth or extinction of a volcano within the limit- 
ed sphere of our Earth. 

A third interior comet, having likewise a short period of 
revolution, was discovered by Faye on the 22d of November, 
1843, at the Observatory at Paris. Its elliptic path, which 
approaches much more nearly to a circle than that of any 
other known comet, is included within the orbits of Mars and 
8atum. This comet, therefore, which, according to Gold- 
Schmidt, passes beyond the orbit of Jupiter, is one of the few 
whose perihelia are beyond Mars. Its period of revolution is 
^iW y^^^^i ^^^ it is not improbable that the form of its pres- 
ent orbit may be owing to its great approximation to Jupiter 
at the close of the year 1830. 

If we consider the comets in their inclosed elliptic orbits as 
members of our solar system, and with respect to the length 
of their major axes, the amount of their eccentricity, and their 
periods of revolution, we shall probably find that the three 
planetary comets of Encke, Biela, and Faye are most nearly 
approached in these respects, first, by the comet discovered in 
1766 by Messier, and which is regarded by Clausen as iden- 
tical with the third comet of 1819 ; and, next, by the fourth 
comet of the last-mentioned year, discovered by Blaupain, but 
considered by Clausen as identical with that of the year 1743, 
and whose orbit appears, like that of Lexell's comet, to have 
sufiered great variations from the proximity and attraction of 
Jupiter. The two last-named comets would likewise seem to 
have a period of revolution not exceeding fivQ or six years, and 
their aphclia are in the vicinity of Jupiter's orbit. Among 
the comets that have a period of revolution of from seventy to 

comet of 1819, loo Aslr. Naehr., 1833, No. 239 ; and on tbe identity ol 
the comet of 1743 and the fourth comet of 1819, see No. 237 of the last 
mentioned work. 



OOMETB. 100 

■eventy-tix yeafs, the first in point of importance with rospeot 
to theoretical and physical astronomy is Ilalloy's comet, whose 
last appearance, in 1835, was much less hrilliant than was to 
be expected from preceding ones ; next wo would notice 01- 
ben's comet, discovered on the Gth of March, 1815; and, 
lastly, the comet disooyered by Pons in the year 1612, and 
whose elliptic orbit has been determined by Encke. The two 
latter comets were invisible to the naked eye. We now know 
with certainty of nine returns of Halley*s large comet, it hav- 
ing recently been proved by Laugier's calculations,* that in 
the Chinese table of comets, first made known to us by Ed- 
ward Biot, the comet of 1378 is identical with Halley's ; its 
periods of revolution have varied in the interval between 1378 
and 1835 from 74*91 to 77*58 years, the mean being 76*1. 

A host of other comets may bo contrasted with the cosmioal 
bodies of which wo have spoken, requiring several thousand 
years to perform their orbits, which it is diUicult to determine 
with any degree of certainty. The beautiful comet of 1811 
requires, according to Argelander, a period of 30 G5 yeara for 
its revolution, and the colossal one of 1680 as much as 8800 
years, according to Encke*s calculation. These bodies respect- 
ively recede, therefore, 21 and 44 times further than Uranus 
from the Sun, that is to say, 33,600 and 70,400 millions of 
miles. At this enormous distance the attractive force of the 
Sun is still inaiiifcstc<l ; but while the velocity of the comet 
of 1G80 at its perihelion is 212 miles in a second, that is, 
thirteen times greater than that of tho Earth, it scarcely 
moves ten feet in the second when at its aphelion. This vo- 
locity is only three times greater than that of water in our 
most sluggish European rivers, and equal only to half that 
which I have observed in the Cassiquiare, a branch of tho 
Orinoco. It is highly probable that, among the innumerable 
host of uncalculatcd or undiscovered comets, there are many 
whose major axes greatly exceed that of tho comet of 1680. 
In order to form some idea by numbers, I do not say of tho 
sphere of attraction, but of the distance in space of a fixed star, 
or other sun, from the aphelion of the comet of 1080 (the fur- 
thest receding cosmical body with which we are acquainted 
in our solar system), it must be remembered that, according 
to the most recent determinations of parallaxes, the nearest 
fixed star is full 250 times further removed from our sun than 
the oomet in its aphelion. Tho comet's distance is only 44 

* Lwtgter, in the Comftu Rmtdms Jm Sianft d* rAcademie, 1H^ 
V avi., p. 1006. 
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times that of Uranus, while a Centauri is 11,000, and 61 
Cygni 31,000 times that of Uranus, according to Bessers ie« 
terminations. 

Having considered the greatest distances of comets from 
the central body, it now remains for us to notice instances of 
the greatest proximity hitherto measured. Lexell and Burok- 
hardt's comet of 1770, so celebrated on account of the disturb- 
ances it exporioncod from Jupiter, has approached the Earth 
within a smaller distance than any other comet. On the 2tith 
of Juno, 1770, its distance from the Earth was only six times 
that of the Moon. The same comet passed twice, viz., in 
1760 and 1779, through the system of Jupiter's four satelUtes 
without producing the slightest notable change in the well- 
known orbits of these bodies. The great comet of 1660 ap- 
proached at its perihelion eight or nine times nearer to the 
surface of the Sun than Lexell's comet did to that of our 
Earth, being on the 17 th of December a sixth part of the 
Sun's diameter, or seven tenths of the distance of the Moon 
from that luminary. Perihelia occurring beyond the orbit of 
Mars can seldom be observed by the inhabitants of the Earth, 
owing to the faintncss of the light of distant comets ; and 
among those already calculated, the comet of 1729 is the only 
one which has its perihelion between the orbits of Pallas and 
Jupiter ; it was even observed beyond the latter. 

Since scientific knowledge, although frequently blended with 
vague and superficial views, has been more extensively diffused 
through wider circles of social hi'o, apprehensions of the possi- 
ble evils threatened by comets have acquired more weight as 
their dirootion has become more definite. The certainty that 
there are within the known planetary orbits comets which re- 
visit our regions of space at short intervals — that great dis- 
turbances have been produced by Jupiter and Saturn in their 
orbits, by which such as were apparently harmless have been 
converted into dangerous bodies — the intersection of the Earth's 
orbit by Biela's comet — the cosmical vapor, which, acting as 
a resisting and impeding medium, tends to contract all orbits 
—the individual uiflercnce of comets, which would seem to 
indicate considerable decreasing gradations in the quantity of 
the mass of the nucleus, are all considerations more than equiv- 
alent, both as to number and variety, to the vague fears en- 
tertained in early ages of the general conflagration of the world 
hy flaming stvords, and stars with flery streaming hair. As 
the consalatory considerations which may be derived from the 
calculus of probal^ilities address themselves to reason and to 
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meditative understanding only, and not to the imagination of 
to a dcBpoudiug condition of iniud, inodorn Bcionco hat boor; 
aoouaed, and not cutirolv without reason, of not attempting tc 
allay apprehensions which it has been the very means of ex 
eiting. It is an inherent attribute of the human mind to ex« 
perience fear, and not hope or jov, at the aspect of that which 
is unexpected and extraoidinary .* The strange form of a large 
eomet, its faint nebulous light, and its sudden appearance in 
the vault of heaven, have in all regions been almost invariably 
regarded by the people at large as some new and formidable 
agent inimical to the existing state of things. The sudden 
oocurrence and short duration of the phenomenon lead to the 
belief of some equally rapid reflection of its agency in terres- 
trial matters, whose varied nature renders it easy to find events 
that may be regarded as the fulfillment of the evil foretold by 
tho apfM^aranco of thcso mystorious oostnioal bodios. In our 
own day, however, tho public mind has taken another and. 
more cheerful, although singular, turn with regard to comets ; 
and in the German vineyards in the beautiful valleys of the 
Rhine and Moselle, a belief has arisen, ascribing to these onco 
ill-omened bodies a beneficial influence on the ripening of the 
vine. The evidence yielded by experience, of which there is 
no lack in these dajrs, when comets may so frequently be ob- 
served, has not been able to shake the common belief in the 
meteorological myth of tho existence of wandering stars capa- 
ble of radiating heat. 

From comets I would pass to the consideration of a far more 
enigmatical class of agglomerated matter — the smallest of all 
asteroids, to which we apply the name aerolites, or meteoric 
stones, f when they reach our atmosphere in a fragmentary 
condition. If I should seem to dwell on the specific enumer- 
ation of these bodies, and of comets, longer than the general 
nature of this work might warrant, I have not done so unde- 
signedly. The diversity existing in the individual character- 
istics of comets ha^ already been noticed. The imperfect 
knowledge we possess of their physical character renders it 

* Friei, VorUinngenlkberiUStemhtmde, 1833, n. SG3-2G7 (f»cturoi 
on tho Science of ABlroiiotny). An iiifolicitmifly clKnirn ioatunco of tho 
mod omen of a comet may be fonnd in Seneca, Nat. Qu4t$t., vii., 17 and 
{]. The philotopher thai writet of tho comet: ** Quem nog NfronU 
primcipotu l^iUtimo vidimms H qmi eomtlit deiraxU it^amiam.^* 

t [Much valunlilo information may Iw obtained rognnling tlio origin 
and comtmattion ofaSmlitt^fl or meteoric itiitioa in Mcmoiri on tlio •ub' 
)eot, by banmbeer and other writers, in tho numbers of FoggendorT 
dmmUMf from 1845 to the preaent time.] — TV. 
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difficult, in a work like the present, to give the proper degree 
of circumstantiality to the phenomena, which, although of 
frequent recurrence, have been observed with such various de- 
grees of accuracy, or to separate the necessary from the acci* 
dental. It is only with respect to measurements and compu- 
tations that the astronomy of comets has made any marked 
advancement, and, consequently, a scientific consideration of 
these bodies must bo limited to a specification of the difibroncet 
of physiognomy and conformation in the nucleus and tail, the 
instances of groat approximation to other cosmical bodies, and 
of the extremes in the length of their orbits and in their periods 
of revolution. A faithful delineation of these phenomena, as 
well as of those whicli we proceed to consider, can only be 
given by sketching individual features with the animated cir- 
cumstantiality of reality. 

Shooting stxurs, fire-balls, and meteoric stones are, with great 
probability, regarded as small bodies moving with planetary 
velocity, and revolving in obedience to the laws of general 
gravity in conic sections round the Sun. When these masses 
meet the Earth in their course, and are attracted by it, they 
enter within the limits of our atmosphere in a luminous con- 
dition, and frequently let fall more or less strongly heated stony 
fragments, covered with a shining black crust. When we 
enter into a careful investigation of the facts observed at those 
epochs when showers of shooting stars fell periodically in Cu- 
mana in 1799, and in North America during the years 1833 
and 1834, we shall find ih&t Jire-balls can not be considered 
separately from shooting stars. Both these phenomena are 
frequently not only simultaneous and blended tof^ether, but 
they likewise are often found to merge into one another, tlio 
one phenomenon gradually assuming the character of the other 
alike with respect to the size of their disks, the emanation of 
sparks, and the velocities of their motion. Although explod- 
ing smoking luminous fire-balls are sometimes seen, even in 
the brightness of tropical daylight,* equaling in size the ap- 

* A friend of mine, much accustomed to exact trigonometrical meas- 
urements, was in the year 1788 at Popayan, a city which is 2^ 26' 
north latitude, lying at an elevation of 55^ feet above the level of the 
sea, and at noon, when the sun was shinins brightly in a cloudless sky, 
saw his room lishted up by a fire-ball. He had his back to the window 
at the time, and on turning round, perceived that great part of the path 
traversed by the fire-ball was still illuminated by the brightest radiance. 
Difiereiit nations have had the most various terms to express these pbe* 
nomena: the Germans use the word Slernschnuppet literally star mvf 
—an expreasbn well suited to the physical view* of the vulgar in forma 
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pamit diameter of the Moon, innumertble quantities of ikoot* 
ing ftan have, on the other hand, been observed to fall in 
lonns of such extremely small dimensions that they appear 
only as moving points or phosphorescent lines.^ 

It still remains undetermined whether the many luminous 
bodies that shoot across the sky may not vary in their nature. 
On my return from the equinoctial zones, I was impressed 
with an idea that in the torrid regions of the tropics I had 
more frequently than in our colder latitudes seen shooting 
Stan fall as if from a height of twelve or fiflccn thousand feet ; 
that thev were of brighter colors, and left a more bnlliant line 
of light m their track ; but this impression was no doubt owing 
to the greater transparency of the tropical atmosphere.! which ■ 



Aoconlin^ to whicli, tlio liffhu in the firnuimnnt woromid to nndor 
(gnm prucuM of mnfinff ur cloniiiiig ; ainl utlior nntioiui gcucmlly ii«lo|it a 
term exproMivo ula tkot or fail of stan, u Uie Swodwii UjernjfaU, tho 
Italian tltUa eadenie, and tbo English star tkwt. In the woody diatriot 
of the Orinoco, on the dreary banka of the Oaaaiqutaro, I b<!aru tho na- 
tivea in the Mitaioo of VasiTS nae terma atill more inelegant than tho 
Qeroian aUtr mt^ff'. {ReUdUm Hutorique dm Voy. anx Rigiomt Equinox., 
t, iL, p. 513.) These nme tribea term the pearly drops of dew which 
eover the beaatiful leaves of the hoUcouia star tptt. In the Lithuanian 
oiythologj, the imagination of the people has embodied its ideas of the 
natmiv and signification of falling stars under nobler and more graceful 
mnbols. The Parcv, Werp^a^ weave in heaven for the new>bom 
eoikl its thread of fate, attaching each soparalo thread to a star. When 
death a|)Druficlics the pomon, the thread is rent, and tho star wanes and 
sinks to the earth. Jacob Orimm, Diuttekt Mftkotogie, 1843, s. C85. 

* According to the testimony of Professor Denison Olmsted, of Yale 
OoOege, New tiaven, Oonnecticat (See I'o^gend., AnfuUen der Phytik, 
bd. sue, s. 194.) Kepler, who exclodoil hre-balls and sliooiing star* 
Iroa the domain of astronomy, because they were, according to his 
views, " meteors arising from the exhalations of the earth, and blend- 
ing with the higher ether,*' expresses himself, however, generallv with 
orach caution. He says : '* Stellm cmdemitt sunt materia m$cida ii^ia* 
mata, Eamm atiqnm inter eadendum ahemmunturt aliqnm reri in terram 
tmdmmtf pondere emo tract tt. Nee est dissimile erro, quasdam eemglahatae 
mse ex materia fmcnlenid^ in ipeam auram mtkeream immixta : exqne 
mitkaris regione, traetn rectilineo, per airem trajieere, eeu minutes com- 
Uast occuUd cmuea wtotue a/r^mn^tf.'*— Kepler, Epit. Astron. Coper* 
mieamm, t. i., p. 80. 

t Relation IlistoH^e, t. i., p. 80, 213, 527. If in falling star^ as in 
eomets, we distinguish between the head or nucleus and the tail, wo 
•hall find that the greater transparency of the atmosphere in tropical 
climates is evinced m the greater length and brilliancy of the tail which 
■My be observed in those latitudes. The phenomenon is therefore not 
■sosssarily more freonent there, because it is ofVener seen and cootin- 
vaa longer visible. The influence exerciae<l on shooting stars by the 
ebaraoter of the atmosphere is shown occasionally even in our temper* 
•la lone, and at very small distance* apart. Wartmann relatas that oa 
tiM oocastoo of a November pbeaonanon at two plaoes lying vary 
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enables the eye to penetitite further into distance. Sir Alex* 
andor Bumes likewise extols as a consequence of the purity of 
the atmosphere in Bokhara the enchanting and constantly-re- 
curring spectacle of variously-colored shooting stars. 

The connection of meteoric stones with the grander phe- 
nomenon of (ire-balls — the former being known to be project- 
ed from the latter with such force as to penetrate from ten 
to fifloen feet into the earth — has been proved, among many 
other instances, in the falls of aerolites at Barbotan, in the 
Department dcs Landes (24th July, 1700), at Siena (16th 
June, 1704), at Weston, in Connecticut, U. S. (14th Decem- 
ber, 1807), and at Juvcnas, in the Department of Ardeche 
(15th June, 1821). Meteoric stones are in some instances 
thrown from dark clouds suddenly formed in a clear sky, and 
fall with a noise resembUng thunder. Whole districts have 
thus occasionally been covered with thousands of fragmentary 
masses, of uniform character but unequal magnitudes, that 

eoch othor, Geiiova and Aux Planchettei, the number of the metoon 
oouiitod wore in 1 to 7* (Wartinunn, M6m. mr la Eloila JUanUs, p. 
17.) Tliu Uiil of tt «liiMititig Hlur (or iUi train), on tlio miltjuct of which 
Brandei ha« mode to uiuuy exact and delicuto obsorvutious, is in no 
way to be ascribed to the continuance of the impression produced by 
light on the retina. It sometimes continues visible a wnole minute, 
and in some rare instances longer than the light of the nucleus of the 
■hooting star; in which case tJno luminous track remains motionless. 
(Qilb., AHn.f bd. xiv., s. 251.) This circumstance further indicates the 
analogy between large shootmg stars and firo-balls. Admiral Krusen- 
stern saw, in his voyage round the world, the train of a fire-ball shino 
for un hour aflur the luminous body itself had disappeared, and scarce- 
ly move throughout the whole time. {Reise, th. i., s. 58.) Sir Alex- 
ander Bumes gives a channing description of tlie transparency of the 
clour atmosphoro of Bokhara, which was once so fuvorablo to the pur- 
suit of astronomical observations. Bokliara is situated in 39° 43' north 
latitude, and at an elevation of 1280 feet above the level of the sea. 
** There is a constant serenity in its atmosphere, and an admirable clears 
. ness in the sky. At night, the stars have uncommon luster, and the 
Milky Way shmes eloriously in the firmament. There is also a never- 
ceasing display of the most brilliant meteors, which dart like rockets 
in the sky ; ten or twelve of them are sometimes seen in an hour, as* 
suming every color — fiery red, blue, pale, and faint. It is a noble 
country for astronomical science, and great must have been the ad- 
vantage enjoyed by the famed observatory of Samarkand." ^Dumes, 
TraveU imio Bokhara, vol. ii. (1834), p. 158.) A mere traveler must 
not bo reproached for culling ten or twelve shooting stars in an hour 
^ many," since it is only recently that we have learned, from careful 
observations on this subject in Europe, that eight is the mean number 
which may be seen in an hour in tne field of vision of one individual 
(Quotelot, Correip, Matk4m,, Novem., 1837, p. 447) ; this number is, 
bowover, limited to five or six by that diligent obsoryer, Olbeni> 
(Schum., Jakrb,, 1838, s. 325.) 
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nave been hurled from one of these moving cloi^ds. In leu 
frequent cases, as in that which occurred on the 16th of Sep 
tember, 1643» at Klcinwcnden, near Miihlliausi^n, a large 
aerolite fell with a thundering crash while the sky was clear 
and cloudless. Tho intimate aflinity between fire-balls and 
shooting stars is further proved by tho fact that fire-balls, from 
which meteoric stones have been thrown, have occasionally 
been found, as at Angers, on the 9th of June, 1822, having a 
-liameter scarcely equal to that of the small firo-works called 
Lloinan candles. 

Tho ibnnative power, and tho nature of tho pliysical and 
*.hemical processes involved in these phenomena, are questions 
ill equally shrouded in mystery, and we are as yet ignorant 
whether the particles composing the dense mass of meteoric 
itones are originally, as in comets, separated from one another 
01 the form of vapor, and only condensed within the fiery ball 
when they become luminous to our sight, or whether, in the 
ease of smaller shooting stars, any compact substance actually 
(alls, or, finally, whether a meteor is composed only of a smoke- 
(ike dust, containing iron and nickel ; while we are whoU? 
ignorant of what takes place within the dark cloud from which 
a noise like thunder is oflen heard for many minutes befbn 
the stones fall.* 

* Oil meleorie dmi, tmo Amgn, in tho Annmnre for 1832, p. 2A4. i 
Imvo vory roooiitly oiidottfortMl Ui nbow, ill nmitlinr work {Atie Cenfrale, 
L !., p. 408), how tlio Hcythiatt mgnof tho Miorod gold, whioh foil lium* 
ing rrom bonven, and roniainod in the poaiicMinn of the Goldon Ilonlo 
of tho Pamlatio (firrod., !▼., 5-7), probably origimtod in tho vaguo roo- 
olloction of tlio liill of nn ninilito. Tho ancionU hml nliio somo itrange 
fictioni (Dio Coaeitis, Ixxv., 1259) of siUor which had (alien from boa?- 
en, and with which it hnd been attempted, under the Emperor Sere- 
nu, to cover bronze coins; metallic iron wos, however, known to exist 
in meteoric atones. (Plin., ii., 56.) The frequently-recamng expree- 
saon lapidi^s plwii mnst not always be nnderstood to refer tn falls of 
aftroliles. In Liv., xxv., 7, it probably rcfors to namico {rapWi) eject- 
ed from tho volcano, Mount Albanus (Moiito Cavo), which woe not 
wholly extinguished at tho time. (See lleyne, OpmsetUa Aead., U iii., 
p. 261 ; and my lUUUian Hist; t i., p. 394.) The contest of Heroolet 
with the Ligyans, on tho road from the Cancasos to tho Hesperidea, 
belongs to a diSerent sphere of ideas, being an attempt to explain myth* 
ically the origin of the round qnarts blocks in the Ligyan field of stouea 
at the mouth of the Rhone, which Aristotle supnoees to have been ttJeeU 
ed from ■ fissure during nn earthquake, aiMi roaidonins to have been 
emosed by the force of tne waves of an inland piece of water. In tho 
fragments that we still poescss of the piny of ^schylus, the Pr9w^tktm$ 
DeU^ered^ or err thing jtroceeds, however, in part of tho narration, as 
in a fill! oif aerolites, for Jupiter draws together a cloud, and causes the 
" district around to be covered by a shower of round stones ** l*osido- 
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We can ascertain by measurement the enormous, wonder* 
All, and wholly planetary velocity of shooting stars, fire-balls, 
and meteoric stones, and wu can gain a knowledge of what if 
the general and uniibrm character of the phenomenon, but 
not of the genetically cosmical process and the results of the 
metamorphoses. If meteoric stones while revolving in space 
are already consolidated into dense masses,*" less dense, how 

nins oven ventured to dorido the gcoguostic mytli of the blockii and 
BtonoB. Tho Lygiuu fluid uf stoiioii wus, huwuvur, very iiutuniily uiid 
woU described by tho uiicieiita. Tho diatrict in iiuw kuuwii um La Crau. 
(8eu Guoriii, AiesMret Baramitriques dam la AlpeSf et Mitiorologie 
d'AvienoHt 1829, chu'^. xii., i». 115.) 

* Tho specific weight of aerolites varies from 1*9 (Alais^ to 4*3 
(Tabor). Their geuerul density may be set down as 3, water oeiug 1. 
As to wliat has been said in llie text of the actual diameters of fire-balls, 
we must remark, that the numbers have been taken from the few 
measurements that can be relied upon as correct. These give for the 
fire-ball of Weston, Oonnccticut (14th December, 1807), only 500; fur 
that observed by Lo Hot (10th July, 1771) aliout 1000, and fur that 
estimated by Sir Oharles Blogdon (18th January, 1783^ 2G00 feet in 
diameter. Brandos (Unterhaltungen^ bd. i., s. 42) ascrines a diameter 
varying fnun 80 to 120 fi!Ut to nhiKiting still's, and a hiininoiis tiniii ex- 
tending fixiiii 12 tu 10 iiiilus. Thuro uro, huwovur, uiniilo optical cuns- 
os fur sup|)using that tho apparent tliuinetor uf iiru-biuls ond shouting 
stars has been very much uverrated. The vuluiue uf the largest iiro- 
ball yet observed can not be compared with tliat rf Ceres, estimating 
this planet to have a diameter of only 70 English miles. (See the 
generally so exact and ttcliiiirable treatise, On ike Connection of the 
Pkytical Sciences, 1835, p. 411.) With tho view of elucidating what 
lias boon stated in the text rogai'ding the largo afirolite that fell into 
tlie bed of tlie River Narni, but has not again been found, I will give 
tho iNUHiago mado known by Pertz, fi-um the Chronieon Benedicti, Man' 
achi Saneli Andrea in Monte Soracte, a MS. belonging to the tenth 
century, iiiid preserved in tlie Ohigi Library at Rome. The barbarous 
Latin of that ago has been loft uncliungod. ** Anno 921, temporibue 
domini Jokannis Decimi pape, in anno pontijicatus illiue 7 visa sunt sig^ 
na. Nam juxta urbem Romam lapides plurimi de eatlo ciutere visi sunt. 
In civitate qua vocatur Namia tarn dirt ae tetri, ut nihil aliud eredatur, 
quam de infernalibus loots deducti essent. Nam ita ex illis lapidiifus 
unus omnium maximus est, ut d/yeidens in flumen Namiis, ad mensuram 
unius cubiti super aquas fiuminit usque hodie videretur. Nam et ignila 
faeula de calo plurima omnibus in hoe eivitcUe Romani populi visa suntf 
ita ut pene terra eontingeret. Alia cadentes** &o. (I'ertz, Monum. 
Oerm. Hist, Scriptores, t. iii., p. 715.) On the aCrulites of ^gos Vota* 
mos, wliich fell, according to the Parian Ohronicle, in the 78 1 01ym« 
piad, see BOckh, Corp. Inscr. Qraec., t. ii., p. 302, 320, 340; also Aris- 
tot.. Meteor., i., 7 (Idoler's Comm., t. i., p. 404-407); Stub., Eel. Phys., 
i., 25, p. 508 (Hceron); Pint., Lps., c. 12; Diog. Laert., ii., 10; and 
see, also, subsequent notes in tins work. According to a Mongolian 
tradition, a black fragment of a rock, forty foot in height, fell from 
heaven on a nlain near tho source of the Great Yellow River in West 
em Ohina. (Abel B6masat, in Lam6tberie, Jour, de Phys., 1819, Mai 
p. 264.) 
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ever, than the mean density of the earth, thev must be very 
•inall nuclei, which, Burrounded by in/lammablo vapor or gas, 
form tho innorinost part of firo-balU, irom the height and ap- 
parent diameter of which we may, in the ease of the largest, 
estimate that the actual diameter varies (irom 600 to about 
2800 icet. The largest meteoric masses as yet known are 
those of Otumpa, in Chaco, and of Bahia, in Brazil, described 
by Rubi do Colis as being from 7 to 7^ feet in length. The 
meteoric stone of iEgos Potamos, celebrated in antiquity, and 
even mentioned in the Chronicle of the Parian Marbles, which 
fell about the year in which Socrates was born, has been de- 
scribed as of the size of two mill-stones, and equal in weight 
to a full wagon load. Notwithstanding the failure that has 
attended the eflbrts of the African traveler. Brown, I do not 
wholly relinquish tho hope that, even after the lapse of 2312 
years, this Thracian meteoric mass, which it would be so dif- 
ficult to destroy, may be found, since the region in which it 
fell is now become so easy of access to European travelers. 
The huge aerolite which in the beginning of the tenth centu- 
ry fell into the river at Narni, projected between three and 
four feet above the surface of the water, as we learn from a 
document lately discovered by Pertz. It must be remarked 
that these meteoric bodies, whether in ancient or modem times, 
ean only be regarded as the principal fragments of masses that 
luive been broken up by the explosion either of a fire-ball or 
t dark cloud. 

On considering the enormous velocity vrith which, as has 
been mathematically proved, meteoric stones reach the earth 
from the extremcst oonfmcs of the atmosphere, and the length- 
ened course traversed by fire-balls through the denser strata 
of the air, it seems more than improbable that these metalHf- 
erous stony masses, containing perfectly-formed crystals of oli- 
vine, labradorite, and pyroxene, should in so short a period of 
time have been converted from a vaporous condition to a solid 
nucleus. Moreover, that which falls from meteoric masses, 
even where the internal composition is chemically diflerent, 
exhibits almost always the peculiar character of a fragment, 
being of a prismatic or truncated pyramidal form, with broad, 
somewhat curved faces, and rounded angles. But whence 
oomes this form, which was first recognized by Schreiber as 
oharaoteristio of tho severed part of a rotating planetary body T 
Here, as in tho sphere of organic lifo, all that appertains to 
the history of development remains hidden in obscurity. Mo- 
iooric masses become luininous and. kindle at height! which 
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must be regarded as almost devoid of air, or occupied by an 
atmosphere that does not even contain tttVtv^^ P^^*^ of oxy 
gen. The recent investigations of Biot on the important phe 
nomenon of twilight* have considerably lowered the lines 
which had, perhaps with some degree of temerity, been usual 
ly termed the boundaries of the atmosphere ; but processes of 
light may bo evolved independently of the presence of oxygen, 
and Poisson conjectured tliat aerolites wore ignited iar beyond 
the range of our atmospliero. Numerical calculation and geo- 
metrical measurement are the only means by which, as in the 
case of the larger bodies of our solar system, we are enabled to 
impart a firm and safe basis to our investigations of meteoric 
stones. Although Halley pronounced the great fire-ball of 1 G86, 
whose motion was opposite to that of the earth in its orbit,t to 
be a cosmical body, Chladni, in 1794, first recognized, with 
ready acutcness of mind, the connection between fire-balls and 
the stones projected from the atmosphere, and the motions of the 
former bodies in space.} A brilliant confirmation of the cos- 
mical origin of these phenomena has been afibrded by Denison 
Olmsted, at New Haven, Connecticut, who has shown, on the 
concurrent authority of all eye-witnesses, that during the cele- 
brated fall of shooting stars on the night between the 12th 

* Biot, Traits cPAitronomU PAyitotitf (3^me 6d.), 1841, t. i., p. 149 
177, 238, 312. Mv lumonted frieud roisaoD endeavored, in a singulai 
manner, to solve the diniculty attending an ansumption of the 8[>onta- 
neous ignition of meteoric itonet at an elevation wnere the dentfity of 
the atmosphere is almost null. These are his words : " It is difficult to 
attribute, as is usually done, tho incandescence of aQrolites to friction 
against the molecules of the atmospliero at an elevation above the earth 
whoro tho density of tho uir is almost null. Muy wo not suppose that 
tho electric lluid, in a neutral condition, forms a kmd of atmosphere, ox- 
tending fur beyond the moss of our atmosphere, vet subject to terres- 
trial attraction, although physically imponderable, and consequently 
following our globe in its motion f According to this hypothesis, the 
bodies of whicn we have been speaking would, on entering this im- 
ponderable atmosphere, decompose the neutral fluid by their uneaoal 
action on Uio two oluctricities, and thoy would thus bo heated, and in 
a state of incandescence, by becoming electrified." (I'oiason, Reck, tur 
la ProbabilUi des Jugements, 1837, p. 6.) 

t PhUos. Trantaet.f v«»l. xxix., p. 161-1G3. 

i Tho first edition of Chludni^s important treatise, Ueber den Uf 
tprung der von Pallag gefundenen und anderen EUenmasten (On the 
Origin of the masses of fmii found by Pallas, and other similar masses), 
appeared two months prior to the shower of stones at Siena, and two 
years before Lichtenberg stated, in the OoUingen Tasehenbueh, tha 
"stones reach our atmosphere from the remoter regions of space.' 
Comp., idso, Olbers's letter to Denzenberg, 18th Nov., 1837, in Bei 
lanberg's TreatUe on Shooting Start, p. 18o. 
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and 13th of November, 1833, the fire-balls and shootuig 8tan 
all emerged from one and the same quarter of the heayeni^ 
namely, in the yicinity of the star y in the oonstellation Leo, 
and did not deviate from thia point, although the star changed 
its apparent height and azimuth during tho time of tho obeerr- 
ation. Such an iudopondouce of tho Earth's rotation shows 
that the luminous body must have reached our atmosphere from 
tnthout. According to Encke*s computation* of the whole 

* Encke, in Foggend^ AnnaUn, bd. zxxiii. (1834 V s. 213. Arago, 
in the Annuaire for 1836, p. 291. Two letter! which I wrote to Den- 
senberg, May 19 and October 22,^ 1837, on the conjectural precenion 
of the nodea in the orbit of periodical falla of ihooting itan. (Benzen 
berg*! 8lerrueh.t a. 207 ancl 209. } Olbera aubaeqnently adopted thia 
opinion of the sradual retardation of tlie November phenomenon 
(Aairon, Naehr., 1838, No. 372, a. 180.) If I may venture to combine 
two of tho fnlla of nlifMHing itnri montianod by tho Arabian writera 
with tlio oiNioha fouml by Jlogiiwlawaki for tlio fniirlooulh century, I 
obtain tlio following more or leaa accordant elementa of the moTementa 
of the nodea : 

In Oct, 902, on the night in which King Ibrahim ben Ahrood died, 
there fell a heavy ahower of ahooting atara, " like a fiery rain ;" and 
thia year woa, therefore, called the year of atora. (Conde, Hui. de la 
J}omin. de lo» AraUs, p. 346.) 

On the I9th of Oct, 1202, the atari were in motion all night « They 
fell like locuata." {CompU$ Rendu$, 1837, t i., p. 294 ; and Fr«hn, in 
the BuU. d« CAeadimie de 8t. Piterebourg, t iii.. p. 308.*^ 

On the 21at Oct, O.S., 1366, **dU seqmmUpoelfeatum XL miUia Kt> 
ginnm ah kora wuUHiina usque ad haram priwutm vitm eutU quati etellm 
me eeBlo eadere coniinuo, et im tamta multkudmet quod nemo narrare euf 
JUU." Thia remarkable notice, of which we ahoU apeak more fully m 
the aabtequent part of thia work, waa found by the younger Von Bo- 
gnalawaki, in Boneaao (de Horowic) de Weitmil or WeithmQl, ChroU' 
leam Eeelaut Prageiuie, p. 389. Tliia chronicle may alao be found ia 
the aeoond part of Seriptorte rtrum Bokemkarum, by Felzel and Do> 
browaky, 1784. (Schum., Asir. Naekr., Dec., 1839.) 

On the night between the 9th and 10th of November, 1787, many fell 
iDg atora were obaerved at Manheim, Southern Germany, by Hemmer 
(Kimtx, Meteor., th. iii., ■. 237.) 

After midnight, on the 12tlt of Nnvoml»or, 1799, occurred the eztm* 
onlinary fell ol atara at Ouuinna, which llonplaiMl ami myself have de 
acribed, and which waa obaerved over a greot (lart of tlio earth. (Rdai 
Miet^ t i.. p. 519-527.) 

Between the 12th and 13th of Novemlwr, 1822, thooting ttAn, inter 
mingled witli firo-balla, were leen in large numbera by Kloden, tl 
PotMam. (Gilbert's ilnn., bd. Ixzti., a. 291.) 

On the 13th of November, 1831, at 4 o'clock in the morning, a great 
ahower of felling atora waa teen by Captain Bftrard, on the Spaniab 
eooat, near Oarthagena del Levante. {Anuuaire, 1836, p. 297.) 

In the night between tho 12th and 13tli of Noveml>or, 1833, occurred 
the phenomenon ao admirably deacribed by Profeaaor Olmated, io 
Nortli America. 

In the night of the 13-14th of November, 1834, a aimiltr fell of aboo» 
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number of obfiervations made in the (Jniteii States of North 
America, between the thirty-fifth and the forty-second degrees 
of latitude, it would appear that all these meteors came from 
the same point of space in the direction in which the Earth 
was moving at the time. On the recurrence of falls of shoot- 
mg stars in North America, in the month of November of the 
fears 1834 and 1837, and in the analogous falls observed at 
Bremen in 1838, a like general parallelism of the orbits, and 
ihe same direction of the meteors from the constellation Leo, 
were again noticed. It has been supposed that a greater 
parallelism was observable in the direction of periodic falls of 
shooting stars than in those of sporadic occurrence ; and it has 
further been remarked, that in the periodically-recurring falls 
in the month of August, as, for instance, in the year 1839, i,he 
meteors came principally from one point between Perseus and 
Taurus, toward the latter of which constellations the Earth 
was then moving. This peculiarity of the phenomenon, mani- 
fested in the retrograde direction of the orbits in November 
and August, should bo thoroughly investigated by accurate 
observations, in order that it may cither bo fully confirmed or 
refuted. 

The heights of shooting stars, that is to say, the heights of 
the points at which they begin and cease to bo visible, vary 
exceedingly, fluctuating between 16 and 140 miles. This 
important result, and the enormous velocity of these problem- 
atical asteroids, were first ascertained by Benzenberg and 
Brandos, by simultaneous observations and determinations of 
parallax at the extremities of a base line of 49,020 feet in 
length.'* The relative velocity of motion is from 18 to 36 
miles in a second, and consequently equal to planetary velocity. 
This planetary velocity,! as well as the direction of the orbits 

ing stars was soen in North America, although the numbers were not 
quite so considerable. TPoggeud., Annalen, bd. xxxiv., s. 129.) 

On the 13th of November, 1835, a barn was set on fire by the fall of 
a sporadic fire-bull, at DoUoy, in the Department do I'Ain. (Annuaire, 
1830, n. 290.) 

In the your 1838, tlio stream showed itself most decidedly on the 
night of thu 13-1 4ih of Novumbor. (Atiron. Nachr., 1838, No. 372.^ 

* I am well awaro tliut, among the 62 shooting stars simultaneously 
observed in Silesia, in 1823, at tho suggestion of I'rofessor Brandet 
some appeared to have an elevation of 183 to 240, or even 400 miles. 
(Drandes, UnterhaltuHgen fbr Preunde der Astronomie und Phytik, heft 
I., s. 48. Instructive Nuiratives for the Level's of Astronomy and Phys- 
ics.) But Olbers considered that all determinations for elevations be- 
yond 120 miles must be doubtful, owing to the smallness of the parallax. 

t The plunetarv velocity of translation, the movement in the orbit, it 
in Mercury 26*4, m Venus 19'2| and in the Barth 16*4 miles in a second. 
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of fire-balls and shooting stars, whicli has frequently been ob- 
served to be opposite to that of the Earth, may be considered 
as conclusiye arguments against the hypothesis that aerolites 
deriye their origin from the so-called active lunar volcanoes 
Numerical views regarding a greater or lesser Tolcanic force 
on a small cosmical body, not surrounded by any atmosphere, 
roust, from their nature, bo wholly arbitrary, wc may imag* 
ino the reaction of the interior of a planet on its crust ton or 
even a hundred times grcator than that of our present terres- 
trial volcanoes ; the direction of masses projectea from a satel- 
lite revolving from west to east might appear retrogressive, 
owing to the Earth in its orbit subsequently reaching that 
point of space at which these bodies fall. If we examine the 
whole sphere of relations which I have touched upon in this 
work, in order to escape the charge of having made unproved 
assertions, we shall find that the hypothesis of the selenic ori- 
gin of meteoric stones* depends upon a number of conditions 

* Ohladni statM that an Italian phymcwt, Paolo Maria Terxago, on 
the occaaioD of the fall of an aSrolita at Milan in 1660, by which a Fran- 
ciscan monk was killed, waa the fint who turmited Uiat aSrolitM were 
of telenic origin. He lays, in a memoir entitled Musmim SepUUiannm, 
Manfredi SepUU^t Patrieii MedioUineHSUt industrioto labore ecrutmetum 
(Tortona, 1664, p. 44), "Labani pkilQ$opkorum mentet tub Kornm lapidttm 
pomderibus; ni dieirt ve/tmiw, lunam tmrram aUtrmrn^ tiau mmmdum eut^ 
tx enjus montibus dwisafnuira in. inferiorem noHmm hwu orbem dela 
bantur" Without any previous knowledge of this conjecture, Olben 
was led, in the ^enr 1705 (after the celebrated fall at Siena on the 16th 
of June, 1794), mio an inveatig|ation of the amount of the initial tangen- 
tial force that would be requisite to bring lo tlio Earth masaes project- 
ed from the Moon. This ballistio problem occupied, durins ten or 
tweWo years, the attention of tlie gcomotriciana Laplace, Diot, fSrandes, 
and Fotsson. The oniniou which was then so preralent, but which has 
since been abandoneu, of the existence of actiTO volcanoes in the Moon, 
where air and water are absent, led to a confusion in the minds of the 
generality of persons between mathematical possibilities and phvaical 
probabilities. Olbors, Dmndes, and Ohladni toou^ht " that the relooitj 
of 16 lo 32 miles, witli which 6re-balls and shooting stars entered our 
atmosphere," furnished a refutation to the view of tneir selenic origin. 
Aocoitling to Olbers, it would reauire to reach the Earth, setting aside 
the resistance of the air, an initisi velocity of 829S feet in the second f 
according to Laplace, 7862 ; to Biot, 8282 ; and to Poisson, 7595. La- 
place states that this velocity is only five or six times as great aa that of 
a cannon ball ; but Olbers has shown " that, with such an initial veloc- 
ity as 7500 or 8000 feet in a second, meteoric stones would arrive at tli« 
surface of our esrth with a velocity of only 35,000 feet (or 1'53 German 
geographical mile). But the measured velocity of meteoric stones ay- 
erages five such miles, or upward of 114,000 feet to a second ; and, 
conscqnently, the origiiuil volocitv of projection from the Moon most 
be almost 110,000 feet, and therefore fourteen times greater than La- 
pUee asserted." (Olben, in Sebum., Jakrb,, 1837, p. 52-68; and in 

Vol. I.— F 
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whose accidental coincidence could alone convert a possible 
into an actual fact. The view of tlio original existence of 

Gohlor, JVtfUM Pkyiik, WorUrhueke, bd. vi., abtli. 3, s. 2129-2136.) If 
we could assame volcanic furces to be itiU active ou the Moon's tur&ce, 
the absence of atmospheric resistance would certainly eive to their 
projectile force on advantage over that of our torrestrial volcanoes; but 
oven in ruspoct to tho moasuro of the luttor ibrco (tlio projectile forco 
of our own volcanoos), wo have no observations ou which any reliance 
can be placed, and it has probably been exceedingly overrated. Dr. 
Potora, who accurately observed and measured tho phenomena present* 
od by ^^tiia, found Uiat the greatest velocity of any of the stones pro- 
jected from tho crater was only 1250 feet to a second. Observations 
on the Peak of Teneriflfe, in 1798, gave 3000 feet Although Laplace, 
at the end of his work (Exws. du Sv$t. du Monde, ed. de 1^4, p. 399), 
cautiously observes, regoroiug aerolites, " that m all probability they 
come from the depths of space," yet we see from another passage 
(chap, vi., p. 233) that, being probablj unacquainted with the extra* 
ordinary planetary velocity of meteonc stones, he inclines to the hy- 
pothesis of their lunar origm, always, however, assuming that tlie stones 
projected from tlie Moon ** become satellites of our Earth, describing 
around it more or less eccentric orbits, and thus not reaching its atmos- 
phere until several or even many revolutions have been accomplished." 
As au Italian at Tortona had Uie fancy that aOrolitos came from the 
Moon, so some of the Greek philosophers thought tliey came from the 
Bun. This was the opinion of Diogenes Laertius (ii., 9) regarding the 
origin of the mass that fell at JEgos Potamos (see note, p. 116). Pliny^ 
wliose labors in recording the opinions and statements of preceding 
writers oro astonishing, repeats the theory, and derides it the more 
freely, because he, with earlier writers (Dio^. Laort., 3 and 5, p. 99, 
Httbuer), accuses Anaxagoras of having predicted the fall of aerolites 
from the Sun: "Celebrant Gnoci Anaxagoram Clazomenium Olym- 
piadis septuagesimoD octavm secundo anno pnedixisse cislestium littera* 
rum scientia, quibus diebus saxum casurum esse o sole, idque factum 
interdiu in Thraciie parte ad ^gos flumeu. Quod si quis pncdictum 
credat, simul fateatur necesso est, majoris miniculi divinitatem Anax- 
agora fuisso, solvique rorutn natuno intollectum, et confuudi omnia, si 
ant ipse Sol lapis esse aut unquam lapidem in eo fuisse credatur; de- 
cidere tamen crebro non erit dubium." The fall of a moderate-sized 
stone, which is preserved in the Gymnasium at Abydos, is also report- 
ed to have been foretold by Anaxagoras. The fall of afirolites in bright 
sunshine, and when the Moon's disk was invisible, probably led to tho 
idea of sun-stones. Moreover, according to one of the physical dogmas 
of Anaxagoras, which brought on him tho persecution or the theologians 
(even as they have attacked the geologists of our own times), the Sun 
was regarded as " a molten fiery mass" (ji'bdpo^ diawvpo^). In accord- 
ance With these views of Anaxagoras, we And Euripides, in Phaiion, 
terming the Sun ** a golden mass;" that is to say, a fire-colored, bright- 
ly-shining matter, but not leading to the iuference that aerolites are 
eolden sun-stones. (See note to page 115.) Compare Vulckenaer, 
Jhatribe in Eurip. perd. Dram. Reliqvias, 1767, p. 30. Diog. Laert., 
ii., 40. Hence, among the Greek philosophers, we find four hypotheses 
reffarding the origin of fulling stars : a tolluric origin from uscciuliug 
exhalations ; masses of stone i-aisod by hurricane (sue Aristot , Meteor., 
lib. i., cap. iv., 2~13, and cap. vii., 9); a solar origin; and, lastly, an 
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mall planetary masses in space is simpler, and, at the same 
time, more analogous with those entertained concerning the 
(brroation of other portions of the solar system. 

It is very probable that a largo number of these cosmioal 
bodies traverse space undestroyed by the vicinity of our at- 
mosphere, and revolve round the Sun without experiencing 
any alteration but a slight increase in the ec<sentricity of their 
orbits, occasioned by the attraction of the Earth's mass. We 
may, consequently, suppose the possibility of these bodies re- 
maining invisible to us during many years and frequent revo- 
lutions. The supposed phenomenon of ascending shooting 
stars and fire-balls, which Chladni has unsuccessfully endeav- 
ored to explain on the hypothesis of the reflection of strongly 
compressed air, appears at first sight as the consoquouco of 
some unknown tangential force propelling bodies from the 
earth ; but licsscl has shown by theoretical deduotioiis, con- 
firmed by Feldt's carefully-conducted calculations, that, owing 
to the absence of any proofs of the simultaneous occurrence 
of the observed disappearances, the assumption of an ascent 
of shooting stars was rendered wholly improbable, and inad- 
missible as a result of observation.* The opinion advanced 
by Olbers that the explosion of shooting stars and ignited fire- 
balls not moving in straight lines may impel meteors upward 
in the manner of rockets, and influence the direction of their 
orbits, must be made the subject of future rcscarolics. 

Shooting stars fall either separately and in inconsiderable 
numbers, that is, sporadically, or in swarms of many thou- 

oriffia in the rogioni of spM;e, bb hemvenly bodies which had long re- 
mained inTimble. Rospecttnff thii lut opinion, which w that of uiog- 
enea of ApoUonia, and enUreiy accords with tliat of the present day, 
see pages 124 and 125. It is worthy of remark, that in Syria, as I have 
been assured by a learned Orientalist, now resident at Smyrna, Andrea 
de Nericat, who instructed me in Persian, there is a popular belief that 
aBrolitos chiefly fall on clear moonlight nights. The ancients, on the 
contrary, especially looked for their fall during lunar ccli|)scs. (Soo 
IMiny, xxxth., 10, p. 164. Solinns, c. 37. Salm., Exert. ^ p. 531 ; and 
the nossagos collected by Ukort, in his Oeogr, der Oriecken und Rimer, 
th. ii., 1. s. 131, nuto 14.^ On tho improbability that moteorio mnssos 
■re formed from metal-dtssolvine gases, which, according to Fusinieri, 
may exist in the highest strata ol our atmosphere, and, previously dif- 
fused through an almost boundless space, may suddenly assume a solid 
condition, and on the penetration and misceability of gases, see my 
ReUi. Hitl., t i., p. 525. 

* Bosscl, in Scliuni., A$/r. Narkr., 1839, No 3B0 und 381, s. 222 un<i 
346. At tho conclusion of tlio Mmioir thoro in n comparison of tlio 
8nn*s loncitudcs with the cpoclis of the November phenomenon, from 
the periMi of the first obaonratknis in Cumaua in 17U0. 
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sands. The latter, which are compared by Arabian authors 
to swarms of locusts, are periodic in their occurrence, and 
move in streams, generally in a parallel direction. Among 
periodic falls, the most celebrated are that known as the No- 
vember phenomenon, occurring from about the 12th to the 
14th of November, and that of the festival of St. Lawrence 

itho 10th of August), whose "fiery tears" were noticed in 
bnnur tiinus in a church calendar of Euglaud, no loss than 
in old traditionary legends, as a meteorological event of con- 
stant recurrence.* Notwithstanding the great quantity of 
shooting stars and fire-buUs of the most various dimensions, 
which, according to Kloden, were seen to fall at Potsdam on 
the night between the 12th and 13th of November, 1822, 
and on the same night of the year in 1832 throughout the 
whole of Europe, from Portsmouth to Orenburg on the Ural 
River, and even in the southern hemisphere, as in the Isle of 
Franco, no attention was directed to the periodicity of the 
phenomenon, and no idea seems to have been entertained of 
the connection existing between the fall of shooting stars and 
the recurrence of certahi days, until the prodigious swarm of 
shooting stars which occurred in North America between the 
12th and 13th of November, 1833, and was observed by 
Olmsted and Palmer. The stars fell, ou this occasion, like 
flakes of snow, and it was calculated that at least 240,000 
had fallen during a period of nine hours. Palmer, of New 
Haven, Connecticut, was led, in consequence of this splendid 
phenomenon, to the recollection of the full of meteoric stones 
in 17UU, first described by EUicot and mybulf,! nnd wliich, by 

• Dr. Tliomiia Kontur {The Pocket Encyclopedia oj NtUural Pk§- 
nomena, ltK37, \t. 17) mUiIuh lliiit u uiuiaucript in iiiutMrved in liiu libm- 
ry of Otiri«l'» CoHugo, Ouiiibiidgo,* wriUcii in tlio toiilh ceiiUii'y by a 
mouk, and eutilled EphemerideM Rerum Naturalium^ iu which the nat- 
ural pbeuoineua for each day of the year are inscribed, as, for instance, 
the first flowerins of plants, the arrival of birds, &c. ; tiie 10th of Au- 
gust is distinguished liy the word " ineteoiXMlus." It was this indica- 
tion, and the tradition of the 6ery tears of St. Lawrence, that chiefly 
induced Dr. Forster to undertake his extremely zealous investigation 
of the August phenomena. (Quetelot, Correspond. Malhim., S6rie III., 
t. i., 1837, p. 433.) 

t Humb., Rel. Hist., t. i., p. 519-527. Ellicot, in the Traniaciiom 
of the American Society, 1804, vol. vi., p. 29. Arago makes the follow- 
ing observations in reference to the November phenomena : ** We thus 
become more and more confirmed in the belief that there exists a zone 
composed of millions of small bodies, whose orbits cut the plane of the 

■ (No tach msnascript is st present known to exist in the library of that collcgo. 
For this larorm«tion I am indebted to the inquiries of Mr. Cory, uf Pembroke (;ol« 
lofte, tho kisrncd editor of iiurogl]/^ie§ o/ horapollo Niloug, Qrev\r snd Uuglisl^ 
IWO.J— TV. 
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A comparison of the facts I had adduced, showed that the 
phonomcnon had hoen simultaneously soon in the New Conti- 
nent, from the equator to New Herrnhut in Greenland (64^ 
14' north latitude), and between 46^ and 82^ longitude. 
The identity of the epochs was recognized with astonishment. 
The stream, which had been seen from Jamaica to Boston 
(40^ 2V north latitude) to traverse the whole vault of heaven 
on the 12th and 13th of November, 1833, was again observed 
in the United States in 1834, on the night between the 13th 
and 14th of November, although on this latter occasion it 
showed itself with somewhat less intensity. In Europe the 
periodicity of the phenomenon has since been manifested with 
great regularitv. 

Another and a liko regularly recurring phenomenon is that 
noticed in tlio month of August, the motoorio stream of 8t. 
Lawroncc, a]>pcaring botwocn the 9 th and Htli of August. 
Munchcn brock,* as early as in the rniddlo of the last century, 
drow attention to the froquonoy of meteors in the month of 
August ; but their certain periodic return about the timo of 
St. Lawrence's day was first shown by Quotolot, Olbors, and 
Benzenberg. We shall, no doubt, in time, discover other pe- 
riodically appearing streams,! probably about the 22d to the 

ecliptic at aboat the point which our Earth aonuullj occupi«t between 
the 11th and 13ih oiNoTember. It it a new planetary world begin- 
ning to bo rovcnicd to us." (Annuairet 1836, p. 29G.) 

* Compare Muachonbroek, IiUrvd, ad Phil, Nat.^ 17G3, t. ii., p. 1001 ; 
Howard, On the CUmaie of London, vol. ii., p. 23, obaervationt of the 
year 1806; seven years, therefore, after the earliest observations of 
Dnindes (Benzenberg, ^btr Stemtehnwpoen, s. 240-244); the August 
observations of Thomas Forster, in Quetelet, op. cit, p. 438-453 ; those 
of Adolph Erman, Doguslawski, and Kreil, in Schum., Jahrb., 1838, s. 
317-330. Regarding the point of origin in Perseus, on the 10th of Au* 
gust, 1839, see the accurate measurements of Dessel and Erman (Schuro., 
Astr. Nachr., No. 385 und 428) : but on the lOtli of August, 1837. the 
pntJi (Iocs not np^>cnr to havo ooon retrograde ; see Arago, in Comptu 
Rendm, 1837, t. li., p. 183. 

t On tlie 25th of April, 1095, " innumerable eyes in France saw stars 
falling from heaven as thickly as hail" {%i grando, nUi lueerent, pro den- 
eiUUe ptilaretnr ; Daldr., p. 88). and Uiis occurrence was roganlotl by 
tlio OtNinoil of Clormont ns itidicativo of tlie irroat mnvcmont in Chria- 
tondom. ( Wilken, Qeech, der KrtnstUge, btl. i., s. 75.) On tlio 25th 
of April. 1800, a great fall of stars was observed in Virginia and Ma^ 
sachosetts ; it was " a fire of rockets that lasted two hours." Arago 
was the first to call attention to this " trainee d'asteroldes," as a recnrw 
ring phenomenon. {Amnuaire, 183A, p. 297.) The falls of aSrolites in 
the oeginning of the montlt of December are also deserving of notice. 
In reference to their periodic recurrence ss a meteoric stream, we may 
mention the early ob«crvation of Brandos on the night of the 6th and 
7th of December, 1798 (when be counted 2000 falling stars), and very 
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25th of April, between the 6th and 12th of December, and, 
to judge by the number of true falls of aeroUtes enumerated 
by Capocci, also between the 27th and 29th of November, or 
about the 17th of July. 

Although the phenomena hitherto obsenred appear to have 
been independent of the distance from the pole, the tempera- 
ture of the air, and other climatic relations, there is, however, 
one perhaps accidentally coincident phenomenon which must 
not be wholly disregarded. The Northern Light, the Aurora 
Borealis, was unusually brilliant on the occurrence of the 
splendid fall of meteors of the 12th and 13th November, 1833, 
described by Olmsted. It was also observed at Bremen in 
1838, where the periodic meteoric fall was, however, less re- 
markable than at Richmond, near London. I have mentioned 
in another work the singular fact observed by Admiral Wran- 
gol, and frequently confirmed to me by himself,* that when he 

probably Uie enormoas full of aOroUtei that occurred at the Rio Aaan, 
near the village of Macao, in the Brazils, ou the 11th of Decombor, 183G. 
(Drundcs, UtUerhaU. fbr Preunde der PKpiik, 1825, hott i., s. G5, and 
CampU* Rendui, t, v., p. 211.) Ca|)occi, lu the ititervul between 1809 
and 1839, a Bpace of thirty years, has discovered twelve authenticated 
coses of aOrotites occurring between *he 27th and 29th of November, 
besides others on the 13th of NovenK«er, the 10th of August, and the 
17th of July. (Complei Rendus, t. xi., p. 357.) It is singular that in 
the portion of the Earth's path corresponding with the months of Jan- 
uarv and February, and probably also with March, no periodic streams 
of railing stars or aerolites have as yet been noticed; although, when 
in the South Sea in the year 1803, I observed on the 15th of March a 
remarkably large number of falling stars, and they were seen to fall as 
in a swarm in tne city of Quito, shortly before the terrible earthquake 
of Eiobamba ou the 4th of February, 1797. From the phenomena hith* 
orto obsorved, tliu following ejKiclis seem especially wortliy of remark : 

22d to tlie 25th of April. 

17th of July (17th to the 26th of July f). (Quet, Corr,, 1837, p. 435.) 

10th of August. 

12th to the 14th of November. 

27th to the 29th of November. 

6th to the 12th of December. 

When we consider that the regions of space must be occnpied by 
myriads of comets, we are led by analogy, notwithstanding the diflfeiv 
ences existing between isolated comets and rings 611e<l with asteroids, 
to regard the fru(]Uoucy of these motooric streums with lots ustonisli- 
ment than the firat consideration of the phenomenon would be likely 
to excite. 

* Ferd. v. Wrangle, Reiae ^'^^g* der NordkUete wm Sibirien in de» 
Jakrmt 1820-1824, th. ii., s. 259. Regarding the recurrence of the 
denser swarm of the November stream after an interval of thirty-three 
years, see Olbers, in Jahrb., 1837, s. 280. I was informed in Cumana 
that shortly before tlie fearful cortliquake of 17GG, and consequently 
tliirty.three years (the same interval) before the grout full of stars on 
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on the Siberian coait of the Polar Sea, he observed, during 
an Aurora Borealis, certain portiona of the vault of heaven, 
which were not illuminated, light up and continuo luminous 
whenever a shooting star passed over them. 

The difierent meteoric streams, each of which is composed 
of myriads of small cosmical bodies, probably intersect our 
Earth's orbit in the samo manner as Biela's comet. Accord- 
ing to this hypothesis, we may represent to ourselves those 
astoroid-motcors as composing a closed ring or zone, within 
which they all pursue one common orbit. The smaller plan- 
ets between Mars and Jupiter present us, if we except Pallas, 
with an analogous relation in their constantly intersecting 
orbits. As yet, however, we have no certain knowledge as 
to whether changes in the periods at which the stream be- 
comes visible, or tho retardations of the phenomena of which 
I liavo already sjiokcu, iudicato a regular procession or oscillor 
tion of the nodes — that is to say, of the points of intersection 
of the Earth's orbit and of that of the nng ; or whether this 
ring or zone attains so considerable a degree of breadth from 
the irregular grouping and distances apart of the small bodies, 
that it requires several days for the Earth to traverse it. The 
system of Saturn's satellites shows us hkewiso a group of im- 
mense width, composed of most intimately-connected cosmical 
bodies. In this system, the orbit of the outermost (the seventh) 
satellite has such a vast diameter, that the Earth, in her rev- 
olution round tho Sun, requires throe days to traverse an ex- 
tent of space equal to this diameter. If, therefore, in cue of 
Uicsc rings, which we regard as tho orbit of a periodical 
stream, the astoroitb should bo so irregularly distributed as to 
consist of but few groups sufliciently dense to give rise to 
these phenomena, we may easily understand why we so sel- 
dom witness such glorious spectacles as those exhibited in the 
November months of 1799 and 1633. The acute mind of 
Olbert led him almost to predict that the next appearance 
of the phouomenon of shooting stars and fire-balls intermixed, 
ialUng like flakes of snow, would not recur until between the 
I2thand 14th of November, 1867. 

ihe llth and 1201 of Norember, 1799, a umiUr fiery mmoifeaUUoo bad 
been obterred in the heaTeoa. Bat it wat on the 9 Itt of October, 1766, 
and not in the beginnioji of Norember, that the earthquake ooctured. 
PoMibly •ome traveler in Quito may yet be able to aacertain the day 
on which tho rolcano of Oorambo, which it sitaated there, was fer the 
mce of an Iwur onvolo|)0(l in fnlliti^ tiara, to tliat the inhabitanta eo- 
fTenvorofl to appeato tieavcu by rolicioiit |>n>ceaBiooa. (Rdmi, HitL^ 
« i., chnp. i ., p 307 ; chop, i., p. 520 ami 527.) 
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The stream of the November asteroids has oocasionally 
only been visible in a small section of the Earth. Thus, for 
instance, a very splendid meteoric siunoer was seen in England 
in the year 1837, while a most attentive and skillful observer 
at Braunsberg, in Prussia, only saw, on the same night, which 
was there uninterruptedly clear, a few sporadic shooting stars 
fall between seven o'clock in the evening and sunrise the next 
morning. Bossel* concluded from this " that a denfie group 
of the bodies composing the great ring may have reached that 
part of the Earth in which England is situated, while the 
more eastern districts of the Earth might be passing at th«* 
time through a part of the meteoric ring proportionally lesir 
densely studded with bodies." If the hypothesis of a regular 
progression or oscillation of the nodes should acquire greatei 
weight, special interest will be attached to the investigation 
of older observations. The Chinese annals, in which great 
ialls of shooting stars, as well as the phenomena of comets, 
are recorded, go back beyond the age of Tyrtmus, or the sec- 
ond Mossenian war. They give a description of two streams 
in the month of March, one of which is 087 years anterior to 
tlie Chrif^tian era. Edward Biot has observed that, among 
the fifty-two phenomena which he has collected from the 
Chinese amials, those that were of most frequent recurrence 
are recorded at periods nearly corresponding with the 20th 
and 22d of July, O.S., and might consequently be identical 
with the stream of St. Lawrence's day, taking into account 
that it has advanced since the epochst indicated. If the fall 
of shooting stars of the 2l8t of October, 13GG, O.S. (a notice 
of which was found by the younger Von Boguslawski, in 
Benessius de Horowic's Chronicon JScdesia Pragensis), be 
identical with our November phenomenon, although the oc- 
currence in 'the fourteenth century was seen in broad day- 
light, we find by the precession in 477 years that this system 
of meteors, or, rather, its common center of gravity, must de- 

* From a letter to myBolf, dated Jan. 24th, 1838. The enormous 
■warm of falling stars in November, 1799, was almost exclusively seen 
in America, where it was witnessed from New Herrnhut in Greenland 
to the equator. The swarms of 1831 and 1832 were visible only in 
Europe, and those of 1833 and 1834 only in the United States of North 
America. 

t Lettre de M. Bdonard Biot k M. Quetelet, sur les anciennes appari- 
tions d'Etoiles Ftlantes en Chine, in the Bull, de VAcadimie de Brux 
elUtt 1843, t. X., No. 7, p. 8. On the notice from the Chronicon Ee* 
eltrim Pragentia, see the younger Boguslawski, in Foggend., Annalen 
bd. xlviii., s. 612. 
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leribo a rotrog^rado orbit round tho Son. It also foUowi, {rom 
the views thus developed, that the non-appearance, during 
oertain years, in any portion of the Earth, of the two streams 
hitherto observed in Novomber and about the time of' St. 
Lawrence's day, must be ascribed either to an interruption ia 
the meteoric ring, that is to say, to intervals occurring be- 
tween the asteroid groups, or, according to Poisson, to the ao* 
tion of the larger planets* on the form and position of thii 
annulus. 

The solid masses which are observed by night to fall to the 
earth from fire-balls, and by day, generally when the sky is 
dear, from a dark small cloud, are accompanied by much 
noise, and although heated, are not in an actual state of in- 
candescence. They undeniably exhibit a great degree of gen- 
eral identity with respect to their external form, the character 
of their crust, and tho chemical composition of their principal 
constituents. These characteristics of identity have been ob- 
served at all the difierent epochs and in the most various parts 
of tho earth in which these meteoric stones have been found. 
This striking and early-observed analogy of physiognomy in 
.the denser meteoric masses is, howovor, mot by many excep- 
tions regarding individual points. What diflbrenccs, for in- 
stance, do we not find between the malleable masses of iron 
of Hradschina in the district of Agram, those from the shores 
of tho Sisiin in tho government of Jenisoisk, rendered so cele- 
brated by Pallas, or those which I brought from Moxico,t all 
of which contain 96 per cent, of iron, from the aerolites of 
Siena, in which the iron scarcely amounts to 2 per cent., or 
the earthy aerolite of Alais (in the Department du Card), 
which broke up in water, or, lastly, from those of Jonzao and 
Juvenas, which contained no metallic iron, but presented a 

* " It appear* that an apparently inexhaustible namber of bodies, too 
•mall to be observed, are moTing m the regions of space, either around 
tile Sun or the planets, or perha|it even around their satellites. It is 
•apposed tliat when these bodies como in contact with our atmosphere, 
the diflerence between their velocity and that of our planet it so great, 
fSbmi the friction which thej experience from their contact with the air 
beats them to incandescence, and Mmetimes causes their explosion. If 
the poup of falling stars form an annulus around tho Sun, its velocitj 
of circulation may be very diflbrent from that of our ICarth : and the 
displacements it may experience in space, in consequence of the actions 
of the various planets, may render the phenomenon of its intersecting 
the planes of uie ecliptic possible at si>roe e|K>chs, and altogether im- 
possible at others." — Poisson, Xeekercket tnr la ProbahUiU dtt Jng^ 
wmUM, p. 300, 307. 

t Humboldt, Euai Poliiiqne sur la Non9. Etpa§n9 (2de 6dit), t lii. 
p. 310. 

F2 



180 ooaiios. 

mixture of oryotognciBtically distinct crystalline components ! 
These diflerences have led mineralogists to separate these cos- 
mical masses into two classes, namely, those containing nick 
elliferous meteoric iron, and those consisting of line or coarse- 
ly-granular meteoric dust. The crust or rind of aerolites is 
peculiarly characteristic of these bodies, being only a few 
tenths of a line in thickness, often glossy and pitch-like, and 
occasionally veined.* There is only one instance on record, 
as far as I am aware (the aerolite of Chantonnay, in La Ven- 
d6e), in which the rind was absent, and this meteor, like that 
of Jnvenas, presented likewise the peculiarity of having pores 
and vesicular cavities. In all other cases the black crust is 
divided from the inner light-gray mass by as sharply-dcfmed 
a line of separation as is the black leaden-colored investment 
of the white granite blockst which I brought from the cata- 
racts of the Orinoco, and which are also associated with 
many other cataracts, as, for instance, those of the Nile and 
of the Congo River. The greatest heat employed in oui 
porcelain ovens would be insufHcient to produce any thing 
similar to the crust of mcteorio stones, whoso interior re- 
mains wholly unchanged. Hero and there, i'acts have been 
observed which would seem to indicate a fusion together of 
the meteoric fragments ; but, in general, the character of the 
aggregate mass, the absence of cx>mpre8sion by the fall, and 
the inconsiderable degree of heat possessed by these bodies 
when they reach the earth, are all opposed to the hypothesis 
of the interior being in a state of fusion during their short 
passage from the boundary of the atmosphere to our Earth. 

The chemical elements of which these meteoric masses 
consist, and on which Ikrzelius has thrown so much light, 
are the same as those distributed throughout the earth's 
crust, and are fifteen in number, namely, iron, nickel, cobalt, 
manganese, chromium, copper, arsenic, zinc, potash, soda, sul- 
phur, phosphorus, and carbon, constituting altogether nearly 
one third of all the known simple bodies. Notwithstanding 
this similarity with the primary elements into which inorganic 
bodies are chemically reducible, the aspect of aerolites, owing 
to the mode in which their constituent parts are compounded, 
presents, generally, some features foreign to our telluric rocks 
and minerals. The pure native iron, which is almost always 

* The peculiar color of their crust was observed even as early as in 
the time ofPhny (ii., 56 aud 58): "colore adusto." The phrase '*lateri« 
bus pluisHo" souins also to rofur to tlie burned outer surfiico of aOroUtes 

> lluuib.. Rel. Jiisl.f t. ii., chap, xx., p. 299-302. 
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foniid inoorporatod with aSrolitoe, imparts to thom a poool* 
iar, but not, consequently, a sdenic character ; for in other 
regions of space, and in other oosmical bodies besides our MooOt 
water may be wholly absent, and processes of oxydation of 
rare occurrence. 

Cosmical gelatinous vesicles, similar to the organic notloc 
(masses which have been supposed since the Middle Ages to 
be connected with shooting stars), and those pyrites of Sterli 
tamak, west of the Uralian Mountains, which are said to have 
constituted the interior of hailstones,* must both be classed 
among the mythical fables of meteorology. Some few aero- 
lites, as those composed of a finely granular tissue of olivine, 
augite, and labradorite blended togetherf (as the meteoric stone 
found at Juvenas, in the Department de I'Ardeche, which re- 
sembled dolorite), are the only ones, as Gustav Rose has 
remarked, which liavc a inoro familiar aspect. Those bodies 
ooutain, for iuslauco, crystallino substances, perfectly similar 
to those of our earth's crust ; and in the Siberian mass of 
meteoric iron investigated by Pallas, the olivine only differs 
from common olivine by the absence of nickel, which is re- 
placed by oxyd of tin. t As meteoric olivine, liljf. our basalt, 
contains from 47 to 49 per cent, of magne^' constituting, 
according to Berzelius, almost the half of the earthy compo- 
nents of meteoric stones, we can not be surprised at the great 
quantity of silicate of magnesia foui^d in these cosmical bodies. 
If the aerolite of Juvenas contain separable crystals of augite 
and labradorite, the numerical relation of the constituents 

* Ga«tA¥ Rose, ReUt naek itm Ural, bd. ii., 8. S03. 

t Gantav lloac, in Voggend., Anm., 1825, bd. !▼., s. 173-193. Ram- 
meltberg, Ertta Snppl. tnm ekem, H€mdwdrUr^iiek4 der Mm^ralcgU, 
1S43, ». 103. " It it,'* tnyi the clear-ininded obterrer Olbera, *' a re- 
OMrkmble bat hitherto unregarded (act, that while thelli are foond in 
feoondarj and tortiarj formationii, nofoait meleorie siamet have at yet 
been discovorod. May we conclnde from this circumatanco that pr^ 
riooi to the prraent and laat modification of the earth'* larfiice no me- 
teoric stones fell on it, alllKMi^h at the present time it appears probable, 
from tlie researches of Schroibers, that 700 fall annunll^ f " (Olbers, 
I., Jakrh., 1838, s. 339.) Troblematical nickelliforoos massea 



hi Schum., Jakrh., 1838, s. 339.) 
of nnlivo iron hare lioen ftmnd m Northern Asia (at the gold-washrag 
ostablishincnt at TotnipAwlowsk, eighty miles sontlioast of Kosneck]^ 
imbedded thirty-one foet in the ground, and more recently in tlio Woat* 
em Carpathians (the mountain cliain of Magura, at Sxlanici), both of 
which are remarkably like meteoric stones. Compare Erroan, Areki9 
fkr witBenifkuftiieke Kundt von Iius$Und, bd. i., s. 315, and Haidinger, 
B^rickt Uher Sxlttnieter Sehttrft im Un§mm, 

% DcrroliMn, Jakretber., \h\. zr., s. 317 Qiid 331. BamoMlabarg, 
ffttmdw^rt^rh., abth. u., s. 35-28. 
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render it at loost probablo that tho motoorio masses of Cha* 
teau-Renard may bo a compound of diorite, consisting of hortto 
blende and albite, and those of Blansko and Chantonnay com- 
pounds of hornblende and labradorite. The proofs of the tel- 
luric and atmospheric origin of aerolites, which it is attempt- 
ed to base upon the oryctognostic analogies presented by these 
bodies, do not appear to me to possess any great weight. 

Recalling to mind the remarkable interview between New 
ton and Conduit at Kensington,* I would ask why the ele- 
mentary substances that compose one group of cosmical bodies, 
or one planetary system, may not, in a great measure, be iden- 
tical ? Why should we not adopt this view, since we may 
conjecture that these planetary bodies, like all the larger or 
smaller agglomerated masses revolving round the sun, have 
been thrown off from the once far more expanded solar at- 
mosphere, and been formed from vaporous rings describing 
their orbits round tho central body ? Wo are not, it appears 
to mo, moro justified in applying tho tonn telluric to the nickel 
and iron, the olivino and pyroxene (augite), found in motoorio 
stones, than in indicating tho German ))lunt8 which I found 
beyond tho Obi as European s|)ecies of the flora of Northern 
Asia. If the elementary substances composing a group of 
cosmical bodies of different magnitudes be identical, why 
should they not likewise, in obeying the laws of mutual at- 
traction, blend together under definite relations of mixture, 
composing the white glittering snow and ice in the polar zones 
of the planet Mars, or constituting in the smaller cosmical 
masses mineral bodies inclosing crystals of olivine, augite, and 
labradorite ? Even in the domain of pure conjecture we should 
not suffer ourselves to be led away by unphiiosophical and ar- 
bitrary views devoid of the support of inductive reasoning. 

Remarkable obscurations of the sun's disk, during which 
the stars have been seen at mid-day (as, for instance, in the 
obscuration of 1547, which continued for three days, and oc- 
curred about the time of the eventful battle of Miihlberg), 
can not bo explained as arising from volcanic ashes or mists, 
and were regarded by Kepler as owing either to a materia 
cometicat or to a black cloud formed by the sooty exhalations 
of the solar body. Tho shorter obscurations of 1090 and 
1203, which continued, the one only three, and the other six 

* '* Sir Isaac Newton said he took all the planets to be composed of 
the same matter with the Earth, viz., earth, water, and stone, bat van* 
ously concocted.*' — Turner, Colleclionf for the Hittory of Orantkam 
coiUaining authentic Memoirs of Sir Jfiaae Newton, p. 172. 
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houn, were supposed bj Chladni and Sohnurrer to be oooa 
sioned by the passage of meteoric masses before the 8un*8 disk. 
Since the period that streams of meteoric shooting stars were 
first considered with reference to the direction of their orbit 
as a closed ring, the epochs of these mysterious celestial phe* 
nomcna have been observed to present a remarkable connec 
tion with the regular recurrence of swarms of shooting start 
A.do)ph Erman has evinced great acuteness of mind in his ao- 
curate investigation of the facts hitherto observed on this sub- 
ject, and his researches have enabled him to discover the con- 
nection of the sun*B conjunction with the« August asteroids on 
the 7 th of February, and with the November asteroids on the 
12th of May, the latter period corresponding with the days 
of St. Mamert (May 11th), St. Pancras (May 12th), and St. 
Servatius (May 13th), which, according to popular belief, 
were accounted " cold days."* 

The Greek natural philosophers, who were but little dis 
posed to pursue observations, but evinced inexhaustible fer 
tility of imagination in giving the most various interpretation 
of half-perceived facts, have, however, led some hypotheses 
regarding shooting stars and meteoric stones which strikingly 
accord with the views now almost universally admitted of 
the cosmical process of these phenomena. " Falling stars,** 
says Plutarch, in his life of Lysander,t " are, according to 

* Aclolph Rrman, in Poffgond., AnnalcHf 1839, Ul. xlviii., •. 582- 
COl. Uiot liful praviously tlirown doubt rogardiiig Uio probability of 
tho Novctnbor •U'eam renppoiiriiiff in tho boginnins of Mny {Compter 
Rendu; 1830, t. ii., p. G70). Miulor haii oxiiniinou tlio rocnn dcprfH^ 
Bimi of tciniwmtum on tho Uiroo ilUuninnd dnyii of Mny by llorlin ob- 
BorvntioiiB itir oiglity-Aix yonra ( Verkandi. dta Verdns tirr Befird, det 
Oartenbauu, 1834, b. 377), and found a rotrogroBBion of tomporatare 
amounting to 2^*2 Fahr. from the 1 1th to the 13th of May, a period at 
which nearly the most rapid advance of beat takes place. It ia much 
to be dc«irou that thiB phenomenon of depreaacd temperature, which 
Bomo have felt incUnoti to attribute to tho molting of the ice in the 
Dortheaftt nf Kuropo, Bhonld be nlio inrottigntod in very remote BpotB,^ 
aa in Anierioa, or iii tlic Boiithem hemiBphoro. (Comp. BnU. de PAemd. 
Imp. de 8t. Pitertbonrg, 1843, t. i., No. 4.) 

f Plot., VUm par. m Lftnndro, cap. 22. Tho Btatemont of Dama- 
ehoB (Dalmachfia), that ibr aeventy davB continuously there was a fiery 
cloud Been in llio sky, emitting mrka like falling Btars, and which then, 
aioking nearer to the earth, let fall tho Btone of .£goB Potamoa, " which, 
however, i^'aa only a Bmall part of it," ia extremely improbable, atnce 
the direction and velocity of the fire-cloud would in that case of necea- 
sity have to remain for ao many dayB tlie Bame aa thoae of the earth ; 
and thia, in the fire-ball of the 19th of July, 1G86, deaoribed by Halley 
(7V«M., vol. xxix., p. 163), laated only a few minutea. It ib not alto* 
gather certain whether DaimachoB, the writer, wtpl eiotMof, waa Om 
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the opinion of some physicists, not oruptions of the etherea« 
fire extinguished in the air immediately after its ignition, nor 
yet an iDflammatory combustion of the air, which is dissolved 
in large quantities in the upper regions of space, but these 
meteors are rather a fall of celestial bodies, which, in conse- 
quence of a certain intermission in the rotatory force, and by 
the impulse of some irregular movement, have been hurled 
down not only to the inhabited portions of the Earth, but 
also beyond it into the great ocean, where we can not find 
them." Diogenes of ApoUonia* expresses himself still more 
explicitly. According to his views, ** Stars that are invisible, 
and, consequently, have no name, move in space together with 
those that are visible. These invisible stars frequently fall 
to the earth and are extinguished, as the sCony star which fell 
burning at ^gos Po tamos." The Apollonian, who held all 
other stellar bodies, when luminous, to be of a pumice-like 
nature, probably grounded his opinions regarding shooting 
stars and meteoric masses on the doctrine of Anaxagoras the 
Clazomenian, who regarded all the bodies in the universe 
"as fragments of rocks, which the fiery ether, in the force 
of its gyratory motion, had torn from tlie Earth and con- 
verted into stars." In the Ionian school, therefore, according 
to the testimony transmitted to us in the views of Diogenes 
of ApoUonia, aeroUtes and stars were ranged in one and the 
same class ; both, when considered with reference to their 
primary origin, being equally telluric, this being understood 
only so far as the Earth was then regarded as a central body,f 

Atme porBon as Dalmachoi of Platica, who was sent by Seleucas to 
ludia to the sou uf Aiidrooottus, and who wus chargotl by Strubo with 
being " a spoukor uf lios" (p. 70, Cosuub.). From unothor {lossago of 
Plutarch ( Compar. Solonii e. Cop., cap. 5) wo should almost boiievo 
that he was. At all evonts, we have here only the evidence of a very 
late author, who wrote a century and a half after the full of adrolites 
occurred in Thrace, and whoso autlienticity is also doubted by Plutarch. 

* Stob., ed. Heeron, i., 25, p. 508 ; Plut., de plae, Philot., ii., 13. 

t The remarkable passage in Plut., deplae. Philot., ii., 13, runs thus: 
** Anaxagoras teaclies tliat tlie surrounding ether is a fiery substance, 
which, by the power of its rotation, tears rocks from the earth, inflames 
diem, and converts them into stars." Applying an ancient fable to il- 
lustrate a physical dogma, the Olazomenian appears to have ascribed 
the full 01 the Nemwan Lion to the Peloponnesus from the Moon to 
such a rotatory or centrifugcd force. (iElian., xii., 7 ; Plut, de Facie 
in Orhe Luna, c. 24; Schol. ex Cod. Paris., in ApoU. Argon., lib. i., 

F. 498, ed. Schaef., t. ii., p. 40; Meiueke, Annal. Alex., 1843, p. 85.) 
lere, instead of stonoi from the Moon, we have an auimid from the 
Moon i According to an acute remark of DOckh, tho anciont my tliol* 
ogy of tho Nomujuu lunar lioti has an ostronomicol origin, and is sym< 
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fotming all thiiigB around it in tho samo manner as we, ae- 
eordin^ to our present views, suppose the planets of our sys- 
tem to have originated in tho ox])andod alnios[)hero of anoth- 
er central body, the Sun. These views must not, therefore, 
be eonfoundcd with what is commonly termed the telluric or 
atmospherio origin of meteoric stones, nor yet with the singu- 
lar opinion of Aristotle, which supposed the enormous mass 
of ^gos Potamos to have been raised by a hurricane. That 
arrogant spirit of incredulity, which rejects facts without at- 
tempting to investigate them, is in some cases almost more 
injurious than an unquestioning credulity. Both are alike 
detrimental to the force of investigation. Notwithstanding 
that for more than two thousand years the annals of difierent 
nations had recorded falls of meteoric stones, many of which 
had been attested beyond all doubt by the evidence of irre- 
pruachnblo eye-witnesses — notwithstanding the imjwrtant part 
enacted by the Ba)tylia in the meteor-worship of the ancients 
— notwithstanding the fact of the companions of Cortez hav- 
ing seen an aerolite at Cholula which had fallen on the neigh- 
boring pyramid — notwithstanding that califs and Mongohan 
chiefs had caused swords to be forged from recently-fallen 
meteoric stones — nay, notwithstanding that several persons 
had been struck dead by stones faUing from heaven, as, for 
instance, a monk at Crema on the 4 th of September, 1511, 
another monk at Milan in 1650, and two Swedish sailors on 
board ship in 1G74, yet this great cosmical phenomenon re- 
mained almost wholly unheeded, and its intimate connoction 
with other planetary systems unknown, until attention was 
drawn to the subject bv Chladni, who had already gained im- 
mortal renown by liis discovery of the sound-figures. lie who 
is penetrated with a sense of this mysterious connection, and 
whose mind is open to deep impressions of nature, will feel 
himself moved by the deepest and most solemn emotion at 
the sight of every star that shoots across the vault of heaven, 
no less than at the glorious spectacle of meteoric swarms in 
the November phenomenon or on St. Lawrence's day. Here 
motion is suddenly revealed in the midst of nocturnal rest. 
The still radiance of the vault of heaven is for a moment an- 
imated with life and movement. In the mild radiance lel\ 
on the track of the shooting star, imagination pictures the 
lengthened path of the meteor through the vault of heaven, 

tmlicnlly connocteil in cbroiiolr^ wiUi tlio cycle of intercaUlion of the 
kmar yomr, wiili Uio moon-wowip %t Nomcm, and tbo games by whioh 
It WW aooompanied. 
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while, every where around, the luminous asteniids proclaim 
the existence of one common material universe. 

If we compare the volume of the innermost of Saturn's Ba^ 
ellites, or that of Ceres, with the immense volume of the Sun, 
all relations of magnitude vanish from our minds. The ex- 
tinction of suddenly resplendent stars in Cassiopeia, Cygnus, 
and Serpentarius have already led to the assumption of other 
and non-luminous cosmical bodies. Wo now know that the 
meteorio asteroids, spherically agglomerated into small masses, 
revolve round tV.o Sun, intersect, like coniots, thu orbits of the 
luminous larger planets, and become ignited cither in the vi- 
cinity of our atmosphere or in its upper strata. 

The only media by which we arc brought in connection 
with other planetary bodies, and with all portions of the uni- 
verse beyond our atmosphere, are light and heat (the latter 
of which can scarcely be separated from the former),* and 
those mysterious powers of attraction exercised by remote 
masses, according to the quantity of their constituents, upon 
our globe, the ocean, and the strata of our atmosphere. An- 
other and diilercnt kind of cosmical, or, rather, material mode 
of contact is, however, opened to us, if we admit falling stars 
and meteoric stones to be planetary asteroids. They not only 
act upon us merely from a distance by the excitement of lumin- 
ous or calorific vibrations, or in obedience to the laws of mu- 
tual attraction, but they acquire an actual material existence 
for us, reaching our atmosphere from the remoter regions of 
universal space, and remaining on the earth itself. Meteoric 
stones are the only means by which we can be brought in pos- 
sible contact with that which is foreign to our own planet- 
Accustomed to gain our knowledge of what is not telluric 
solely through measurement, calculations, and the deductions 
of reason, we experience a sentiment of astonishment at find- 
ing that we may examine, weigh, and analyze bodies that ap- 

* The following remarkable passage on the radiation of heat from 
the fixed starg, and on tlieir low comuustion und vitality — one of Ke[»- 
lur*d inuuy nMiiinitionH— occurs in thu PartUipom. in Vitell. AUron. part 
Optica^ 1G04, TrupoB. xzxii., p. 25 : *' Lucia proprium ctt culor, Bydei-a 
ouuiiu culufaciuut. De iiydcrum luce clurilatiB ratio tostutur, calureui 
univontorum in niinori esse pro[K)rtiuno ad calorem unius solia, quam 
at ab homine, cujus est certa caloris mensura, uterquo aimul percipi et 
judicari i>OMit. De ciucindularum lacula tonuiftsimu uegare nun potes, 
quin cum calore sit. Vivunt enim et moventur, hoc autem non sine 
culefactione perficitur. Sic neque putreacentium li^norum lux sue ca- 
lore doBtituitur ; nam ipsa puetredo quidani lentua ignis est. Inest et 
atirpibus suua calor." (Compare Kepler, EpU, Astron, Copemicana. 
1618, t. i lib i., p. 35.) 
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pertain to the outer world. This awakens, hy tha power of 
the imagination, a meditative, spiritual train of thought, whore 
the untutored mind perceives only scintillations of light in the 
firmament, and sees in the blackened stone that falls from the 
exploded cloud nothing beyond the rough product of a power- 
ful natural force. 

Althoufrh the asteroid-swarms, on which wo have been led, 
from special predilection, to dwell somewhat at length, ap- 
proximate to a certain degree, in their inconsiderable mass 
and the diversity of their orbits, to comets, they present this 
essential diflerence from the latter bodies, that our knowledge 
of their existence is almost entirely limited to the moment of 
their destruction, that is, to the period when, drawn within 
the sphere of the Earth's attraction, they become luminous 
and ignite. 

In order to completo our view of all that we have learned 
to consider as appertaining to our solar system, which now, 
since the discovery of the small planets, of the interior comets 
of short revolutions, and of the meteoric asteroids, is so rich 
and complicated in its form, it remains for us to speak of the 
ring of zodiacal light, to which we have already alluded. 
Those who have lived for many years in the zone of palms 
must retain a pleasing impression of the mild radiance with 
which the zodiacal light, shooting pyramidally upward, illu- 
mines a part of the uniform length of tropical nights. I have 
seen it shine with an intensity of light equal to the milky way 
in Sagittarius, and that not only in the rare and dry atmos- 
phere of the summits of the Andes, at an elevation of from 
thirteen to fiilccn thousand feet, but even on the boundless 
grassy plains, the llanos of Venezuela, and on the sea-shore, 
beneath the ever-clear sky of Cumana. This phenomenon 
was often rendered especially beautiful by the passage of light, 
iloocy clouds, which stood out in picturesque and bold relief 
from the luminous back-ground. A notice of this aerial speo- 
tacle is contained in a passage in my journal, while I was on 
the voyage from Lima to the WMtern coasts of Mexico : ** For 
three or lour nights (between 10^ and H^ north latitude) the 
lodiacal light has appeared in greater splendor than I nave 
ever obeenred it. The transparency of the atmosphere must 
be remarkably great in this part of the Southern Ocean, to 
judge by the radiance of the stars and nebulous spots. From 
the 14th to the 19th of March a regular interval of three 
quarters of an hour occurred between the disappearance of the 
son's Usk in the ocean and the first manifestation of the zodi« 
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acal light, although the night was already perfectly dark. An 
hour after sunset it was seen in great hrillianoy between Alde- 
baran and the Pleiades ; and on the 18 th of March it attained 
an altitude of 30^ &, Narrow elongated clouds are scattered 
over the beautiful deep azure of the distant horizon, flitting 
past the zodiacal light as before a golden curtain. Above 
these, other clouds are from time to time reflecting the most 
brightly variegated colors. It seems a second sunset. On 
this side of the vault of heaven the lightness of the night ap- 
pears to increase almost as much as at the first quarter of the 
moon. Toward 10 o'clock the zodiacal light generally becomes 
very faint in this part of the Southern Ocean, and at midnight 
[ have scarcely been able to trace a vestige of it. On the 16th 
of March, when most strongly luminous, a faint reflection was 
visible in the east." In our gloomy so-called " temperate" 
northern zone, the zodiacal light is only distinctly visible in 
the beginning of Spring, after the evening twilight, in the 
western part of the sky, and at the close of Autumn, before 
the dawn of day, above the eastern horizon. 

It is difllcult to understand how so striking a natural phe- 
nomenon should have failed to attract the attention of physi- 
cists and astronomers until the middle of the seventeenth cen- 
tury, or how it could have escaped the observation of the Ara- 
bian natural philosophers in ancient Bactria, on the Euphra- 
tes, and in the south of Spain. Almost equal surprise is ex- 
cited by the tardiness of observation of the nebulous spots in 
Andromeda and Orion, first described by Simon Marius and 
Huygens. The earliest explicit description of the zodiacal 
light occurs in Childrey's Britannia Baconical^ in the year 

* " There ia another thing which I recommend to the obeorvation 
•f matliematicol men, which it, that in February, and for a little before 
tud a little after that month (as I have observed several years together), 
about six in the evening, when the twilight hath almost deserted the 
horizon, you shall see a plainly discernible way of the twilight striking 
ap towaitl tlie Pleiades, and seeming almost to touch them. It is so 
observed anv clear night, but it is best iliac nocte. There is no such 
way to bo ousorvod at any other timo of die your (that I can norcoivo), 
uor any othur wuy at that timo to bo porcoivod darting up oisewhoro ; 
and I boliuvo it hath lioun, and will bo constantly visible at that time 
•f the yoar; but what thu cause of it in nature sliould bo, I can not yet 
imagine, but leavo it to future inquiry." (Childrey, Britannia Baeo* 
iiitfa, 1661, p. 183.) This is the first view and a simple description of 




able work by Obildrey there are to be found (p. 9 1 ) very clear accounts 
of the epochs of maxima and minima diurual and annual temperatures. 
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1661. Tho fiiBt observation of the phenomenon may have 
been made two or three years prior to this period ; but, not- 
withstanding, the merit of having (in the spring of 1683) been 
the first to investigate the phenomenon in all its relations in 
space is inoontestably due to Dominicus Cassini. The light 
which he saw at Bologna in 1668, and which was observed 
at tho same time in Persia by the celebrated traveler Char- 
din (the court astrologers of Ispahan called this light, which 
had iiovor before been observed, nyzck, a small lanco), was 
not the zodiacal light, as has often boon asserted,* but the 

■ad of tho rotardation of the extromoB of tho oflect* in motaorological 
Piociesifi. It IB, howo%*er, to bo regretted that our Bacon ian-philoeophy- 
loving author, who waa Lord tlenry SomerBot'B chapUin, fell into tho 
Mine error a* Bomardiu do St. Pierre, and regarded tho Earth aa elon- 
gated at tlic itolca (teo p. US). At tlio firBt, he boliovca that the Rarth 
waa Bphoricnl, but BupiKMCS tlint Iho uiitnttfrruptiNl and iucroABing B<Uli- 
tion of layers of ico at Uytli jioIob lina changod ita fi^nro ; and tliat, aa the 
ioe ii formed from wator, the quantity of that hquid iB every where 
dininiahing. 

* Dominicus Ca«aini (Mem. de VAead., t. riii., 1730, p. 188), and 
Mairan {Aurort Bor., p. 16), have even maintained that the pbenomo- 
Don obtenred in Persia in 1668 was the zodiacal liaht. Delambre 
(Hui, de VAttron. Modeme, t. ii., p. 742), in very decided terma, ascribes 
the discovery of this light to the celebrated traveler Chardin ; but in the 
Comrcmmement de Solimemt and in several passages of the narrative of his 
travels (6d. de Lauglds, t iv., p. 326; t z.. p. 97 V he only applies the 
term niazouk (nysckV or "petite lance,'* to "the great and famous 
comet which nfipoanHl over uoarlr tho whole world in 1668, and whose 
bead was so hidden in the west that it could not bo porcoivcil in Uio 
horizon of Is|tahan" {Atlae dn Voyage de Cketrdm, Tab. iv. ; from tho 
obsonrations at Schirnz). The hoM or nucleus of tho comot was, how- 
over, visible in tho Urnzils and in India (Pingr(!, Comitogr., t ii., \k 22). 
Bogardhiff the conircturcd identity of tho last croat ctunot of March, 
1843, with this, which Cassini mistook for tlie zodiacal light, see Bchnm., 
Aeir. Naekr., 1843, No. 476 and 480. In Persian, the term *'nlzehi 
Ateachln" ([fiery upean or lances) is also applied to the rays of tlio ris- 
ing or setting stin, in Uio snroo way as '* iiayAzik." nrconfing to Kroy- 
tag's Arabic Lexicon, signiPios " stolltc cadvntos." The oomfiarison of 
cometa to lances ami swords wns, however, in tho Middlo Ages, very 
common in all langiuigoa. Tlw groat comet of 1500. which was visible 
from April to Jono» was alwoys termed by tlio Italian writeia of tlmt 
time U Signer Aeione (see my E^mmen drUiqne de riliei. de la Oio- 
grmpkU, i. v., p. 80). All tho hypotheses tliat have been advanced to 
show that Descartes (Cassini. p. 230; Mairan, n. 16), and even Kepler 
(Delambre, t i., p. 601), were acquainted witn the zodiacal light, ap- 
pear to me altogether untenable. Descartes {Primeipee, iii., art. 136, 
137) is very obscure in his remarks on comets, observing that their 
laila are formed " by oblique rays, which, falling on different parts of 
the planetary orbs, strike the eye lateral! v by extraordinary refraction,'* 
and that they might be seen nwming ami evening, " like a long beam,** 
when tho Sun is between the comet and the Earth. This passage no 
more refers to the zodiacnl light than those in which Kepler {EpU. Ae 
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enormous tail of a comet, whoso head was concealed in the 
vapory mist of the horizon, and which, from its length and 
appearance, presented much similarity to the great comet o( 
1B43. We may conjecture, with much probabiHty, that the 
remarkable light on the elevated plains of Mexico, seen for 
forty nights consecutively in 1509, and observed in the eastern 
horizon rising pyramidally from the earth, was the zodiacal 
light. I found a notice of this phenomenon in an ancient Az- 
tec MS., the Codex l^dlcriano-Remensis,^ preserved in the 
Royal Library at Paris. 

This phenomenon, whose primordial antiquity can scarcely 
be doubted, and which was first noticed in Europe by Childrey 
and Dominicus Cassini, is not the luminous solar atmosphere 
itself, since this can not, in accordance with mechanical laws, 
be more compressed than in the relation of 2 to 3, and conse- 
quently can not be diffused beyond ^^ths of Mercury's helio- 
centric distance. These same laws teach us that the altitude 
of the extreme boundaries of the atmosphere of a cosmioal 

iron, Copernieante, t. i., n. 57, uiid t. ii., n. 8U3) tt|iuukii of the uxIhIoiiuo 
of u wilur iiliii<M|iliuru (Hinbiitf circa wmuui, cuiim liicidu), wliicli, iu 
ocIipseB of tlio Sun, proveuta it '* fix}in beiug quite uiglit ;" and even 
more uncertain, or indeed erroneous, is the aasumption tliat the '* trabea 
Quas doKovc vocaiit'* (Pliu., ii., 26 and 27) had reference to the tongue- 
shaped rising zodiacal light, as Cassini (p. 231, art. xxxi.) and Mairan 
(p. 15) have maintained. JBverv where among the ancients the trabea 
are associated with the bolides (ardores et faces) and otlier fiery mete- 
ors, and even with long-barbed comets. (Reganling doxdct doKia^f 
doKiTiiQf see Schafer, Schol. Par. ad ApoU, Rhod., 1813, t. ii., p. 20G; 
Pseudo-Aristot., de Mttndo, 2, 9 ; Commenl. Alex. Joh. Philop. et Olymp. 
in Ariitot. Meteor., lib. i., cap. vii., 3, p. 195, Iduler; Souecu, Nat. 
Qumtt.f i., 1.) 

* ilumbolilt, Monumene det Peuple* Indiginet de VAm&riquet t. ii.. 
p. 301. The rare manuscript which belonged to tlie Archbishop of 
Rheims, Le Tellier, contains various kinds of extracts from an Aztec 
ritual, an astrological calendar, and historical annals, extending from 
1197 to 1549, and embracing a notice of different natural phenomena, 
epochs of earthquakes and comets (as, for instance, those of 1490 and 
1529), and of (which are important iu relation to Mexican chronology) 
solar eclipses. In Oamargo's manuscript Historia de TUueala, the light 
rising in the east olmost to the zenith is, singularly enough, desciiued 
as '* sparkling, and as if sown with stars.'' The descnption of this 
phenomenon, which lasted forty dajrs, can not in any way apply to vol- 
canic eruptions of Popocatepetl, which lies very near, in the southeast- 
em direction. (Prescott, Hietory of the Conquest of Mexico, vol. i., p. 
384.) Later commentatoi'S have corfounded this phenomenon, which 
Montezuma regarded as a warning of his misfortunes, with the " estrella 
que humeava" (literally, which tpring forth ; Mexican choloa, to leap or 
eprinr forthy With respect to tho connection of this vapor witli the 
star Oitlul Cuolohu (Vouus^ and with " the niuuutain of tho star" (Cit- 
laltepetl, the volcano of Onzaba)^ see my Monumens, t. ii., p. 303. 
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body aLoYO its equator, that is to saj, ihe point at which 
gravity and contrifugal force are in equilibrium, must be the 
same 08 the altitude at which a Batellito would rotate round 
the central body Bimultaneously with the diurnal revolution 
of the latter.* This limitation of the solar atmosphere in its 
present concentrated condition is especially remarkable when 
we compare the central body of our system with the nucleus 
of other nebulous stars. Uerschel luui discovered several, in 
which the radius of the nebulous matter surrounding the star 
appeared at an angle of 160". On the assumption that the 
parallax is not fully equal to 1'', we find that the outermost 
nebulous layer of such a star must be 150 times further from 
the central body than our Earth is from the Sun. If, there- 
fore, the nebulous star were to occupy the place of our Sun, 
its atmos]ihero would not only include the orbit of Uranus, 
but even extend eight times beyond it.t 

Considering the narrow limitation of the Sun*B atmosphere, 
which we have just described, we may with much probability 
regard the existence of a very compressed annulus of nebulous 
matter,| revolving freely in space between the orbits of Venus 
and Mars, as the material cause of the zodiacal light. As 

* Laplace, Expog. dn Sytt. du Mrmde, p. 270 ; Mieanique CiUtU, 
t. ii., p. 169 and 171 ; Schubert, Aiir., bd. lii., $ 206. 

t Arago, in Uio Annnaire, 1842, p. 408. Compare Sir John Her- 
■cbel'a conaidomtions un the volutno and CiintnoM oflicht of planotniy 
nehulio, in Mary Bomcrvillo'a Connection of Ik* PkyticM Scieneet, 1835, 
p. 108. The opinion that the Sun ia a nobolout atar, wlioao ntmoa- 
pbere preaonta Uio phenomenon of xodiacal lisht, did notoriginnto witli 
Di>minicua Caaaiui, out waa firat promulgated uy Mairmn in 1730 ( TraUi 
d« FAurore Bor., p. 47 and 263 ; Arago, in the Ann%air$, 1842, p. 
412). It is a renewal of Kepler's views. 

X Domiiiicus Oaasini waa the firat to assume, as did subsequently 
Laplace, Schubert, and Poisoon, the hypothesis of a separate ring to 
explain the form of the zodiacal lighL He says distinctly, '* If the 
orbits of Mercury and Venus were visible (throuchout their whole ex> 
tent), we should invariably observe them with the aame figure and in 
the aame poaitkm with regard to the Sun, and at the aame time of the 
year with the zodiacal light*' {Mim. de tAcnd., t. viii., 1730, p. 218, 
•nd Biot, in the CompU* Rendng, 1836, t. iii., p. 666.) Oaasini be- 
lievotl that tlio nobnlf»us ring of zodiacal light consistod of innumerable 
•mall plnnclnry b«idics rov(»lving round tlie Run. Ho oven wnnt au 
Ikr aa to believe that tho fall of nro-balls might be connected with the 
paaaage of the Earth through tlie zodiacal nebulous ring. Olmsted, 
and especially Biot (op. cit., p. 673), have attempted to establish its 
eonnection with the November phenomenon — a connection which 01 
bera doubts. fSchum., Mkrh., 1837, a. 281.) Rognnling the niioation 
wbetlier the place of tho zodiacal light {>orfcctly coincidoa with that 
•f the Son's equator, see Houzeou, in Schum., Atir, Nmekr., 1843. No 
4ft, a. 190. 
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yet we certainly know nothing definite regarding its actual 
material dimensions ; its augmentation* by emanations from 
the ' tails ol' myriads of comets that oomo within the Sun*8 
vicinity ; the singular changes aflccting its expansion, since it 
sometimes does not appear to extend beyond our Earth's orbit ; 
or, lastly, regarding its conjectural intimate connection with 
the moro condensed cosmical vapor in tlie vicinity of the Sun. 
The nebulous particles composing this ring, and revolving 
round the Sun in accordance Mrith planetary laws, may either 
be self-luminous or receive light from that lummary. Even 
in the case of a terrestrial mist (and this fact is very remark- 
able), which occurred at the time of the new moon at mid- 
night in 1743, the phosphorescence was so intense that ob- 
jects could be distinctly recognized at a distance of more than 
600 feet. 

I have occasionally been astonished, in the tropical climates 
of South America, to observe the variable intensity of the 
zodiacal light. As I passed the nights, during many months, 
in the o[)cn air, on the shores of rivers and on llanos, I enjoy- 
ed ample opiiortunitics of carefully examining this phenome- 
non. When the zodiacal light had been most intense, I have 
observed that it would be perceptibly weakened for a few 
minutes, until it again suddenly shone forth in full brilliancy. 
In some few instances I have thought that I could perceive — 
not exactly a reddish coloration, nor the lower portion darkened 
in an arc-like form, nor even a scintillation, as Mairan afHrms 
he has observed — ^but a kind of flickering and wavering of 
the light.f Must we suppose that changes are actually in 
progress in the nebulous ring ? or is it not uMre probable that, 
altliough I could not, by ray meteorological instruments, de- 
tect any change of heat or moisture near the ground, and 
small stars of the fifth and sixth magnitudes appeared to shine 
with equally undiminished intensity of light, processes of con- 
densation may be going on in the uppermost strata of the air, 
by means of which the transparency, or, rather, the reflection 
of light, may be modified in some pecuhar and unknown man* 

* Sir John Herachel, Attron., $ 487. 

t Ara^o, in the Annuairet 1832, p. 246. Several physical facta ap 
pear to indicate that, in a mechanical Beparation of matter into it« small- 
est particles, if the mass be very small in relation to the surface, die 
electrical tension may increase sufficiently for the production of light 
and heat. Experiments with a large concave mirror have not hitherto 

Si von any positive evidence of the prosoiico of radiant heat in tho zo- 
iacul light. (Loltro do M. Matthiusseu k M. Arogo, in the Comptet 
Renduit t. xvi., 1843, Avril, p. 687.) 
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ner ? An assumption of tho existence of such motoorologioal 
causes on the confines of our atmosphere is strengthened by 
the " sudden flash and pulsation of light/' which, aooording 
to the acute ohservations of Olbers, vibrated for seTeral ffec* 
ends through the tail of a comet, which appeared during the 
continuance of the pulsations of light to be lengthened by sev- 
eral degrees, and then again contracted.* As, however, the 
separate particles of a comet*s tail, measuring millions of miles, 

* ** What jon tell me of the chaDges of light in the zodiacal light, 

and of the caoaet to which you ascribe toch changes within the trop- 

iof, it of the greater interest to me, since I have been for a lon^ time 

past particularly attentive, every spring, to this phenomenon m our 

northern latitudes. I, too, have always oelieved that the zodiacal light 

rotated ; but I assumed (^contrary to roisson*s opinion, which yoa have 

oommunicatod to me^ tbat it completely extended to the Bun, with 

ooiisidembly nugmciitmg brightness. Tlio light circle which, in total 

•ular ocli^s, is soon surrounding the darkened Sun, I have regarded 

as the bnghtost portion of tho uxliooal light I have convinced my 

aolf timt this light is very diflbront in difleront yonrs, often for sovornl 

■uccessivo yoiurs boiiiff vory bri^lit ond diffusou, while in otlior yonrt 

it is scarcely percontible. I thmk Uiat I find tho first trace of an alio- 

iion to tho zodiacal light in a letter from Rotlimaim toTyclio,iu which 

he mentions that in 'pring he has observed the twilight did not close 

until the sun was 24^ beiow the horizon. Rothmann most certainly 

have confounded the disappearance of the setting zodiacal light in the 

vapors of the western horizon with the actual cessation of twilight 1 

have failed to observe the pulsations of tho light, probably on account 

of tho faintnoiM with whicli it appears in tlioso cotmtrios. Ytm aro, 

hovrover, certainly right in ascribing those rapid variatkms in tho light 

of the heavenly bodies, which you have perceived in tropical climates, 

to our own atmosphere, and especially to its higher regions. This is 

most strikingly seen in tho tails of large comets. We often observe, 

especially in the clearest weather, that these tails exhibit nolsatinns, 

c o mmencing from the head, as being the lowest part, and viorating in 

one or two seconds through the entire tail, which thus appears rapidly 

to become some degrees fonger, but again as rapidly contracts. That 

Uiese undulations, which were formerly noticed with attention by 

Bobert llooke, and in moro recent times by Schrdter and Ohladni, do 

not aetmUlf occur in the tmU of Ike comet§, but are proflucinl by our at' 

nK]S{ihoro, is obvious when we recollect tliat tlio individual jiarts of 

those tails (which are many millions of milos in length) lie at very tUf' 

fertnt distancet from us, and that tlio li^ht from tlioir oxtromo |NHnts 

ean only reach us at intervals of time which difllbr sovornl rainntcs from 

one anotlier. Whetlier what you saw on the Orinoco, not at intervals 

of seconds, but of minutes, were actual coruscations of the zodiacal 

light, or whether they belonged exclusively to the upper strata of our 

atroospbere, I will not attempt to decide; neither can I explain the 

remvEable ligktmms of wkoU nigkUf nor the anomalous alimentation 

and prolongation of tlie twilight in the year 1B31. particularly if, as has 

been remorkod, tlie lightest imrt of tlioso singular twilights did not cnin- 

eide with the Sun's place below the horizon.** (From a letter written 

by Dr. Gibers to myself, and dated Bremen, March 36th, 1833.) 
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are very unequally distant from the eaith, it is not possible, 
according to the laws of the velocity and transmission of light, 
that we should bo ablo, in so short a period of time, to per- 
ceive any actual changes in a cosmical body of such vast ex- 
tent. These considerations in no way exclude the reality of 
the changes that have been observed in the emanations m>m 
the more condensed envelopes around the nucleus of a comet, 
nor that of the sudden irradiation of the zodiacal light from 
internal molecular motion, nor of the increased or diminished 
reflection of light in the cosmical vapor of the luminous ring, 
but should simply be the means of drawing our attention to 
the didcrenccs existing between that which appertains to the 
air of heaven (the realms of universal space) and that which 
belongs to the strata of our terrestrial atmosphere. It is not 
possible, as well-attested facts prove, perfectly to explain the 
operations at work in the much-contested upper boundaries of 
our atmosphere. The extraordinary lightness of whole nights 
in the year 1831, during which small print might be read at 
midnight in the latitudes of Italy and the north of Germany, 
is a fact directly at variance with all that wo know, accord- 
ing to the most recent and acute researches on the crepuscular 
theory, and of the height of the atmosphere.* The phenom 
ena of light depend upon conditions still less understood, sjid 
their variability at twilight, as well as in the zodiacal light, 
excite our astonishment. 

We have hitherto considered that which belongs to our solar 
system — that world of material forms governed by the Sun— 
which includes the primary and secondary planets, comets of 
short and long periods of revolution, meteoric asteroids, which 
move thronged together in streams, either sporadically or in 
closed rings, and finally a luminous nebulous ring, that re- 
volves round the Sun in the vicinity of the Earth, and for 
which, owing to its position, we may retain the name of zo- 
diacal light. Every where the law of periodicity governs the 
motions of these bodies, however different may be the amount 
of tangential velocity, or the quantity of their agglomerated 
material parts ; the meteoric asteroids which enter our atmos- 
phere from the external regions of universal space are alone 
arrested in the course of their planetary revolution, and re- 
tained within the sphere of a larger planet. In the solar sys- 
tem, whose boundaries determine the attractive force of the 
eentral body, comets are made to revolve in their elliptical 

* Biot, TraiU tPAslram, Phyriqutf 36me 6d., 1841, t. i., p. 171, 238. 
tnd312. 
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Mrbits at a distance 44 times greater than that of Uru&us ; 
nay, in those comets whose nucleus appears to us, from its 
inconsiderable mass, like a mere passing cosmical cloud, the 
Sun exercises its attractive force on the outermost parts of the 
emanations radiating from the tail over a space of many mill- 
ions of miles. Central forces, therefore, at once constitute and 
maintain the system. 

Our Sun may be considered as at rest when compared to all 
the large and small, dense and almost vaporous cosmical bodies 
that appertain to and rerolve around it ; but it actually ro- 
tates round the common center of gravity of the whole sys- 
tem, which occasionally falls within itself, that is to say, re- 
mains within the material circumference of the Sun, what- 
ever changes may be assumed by the positions of the planets. 
A very difleront phenomenon is that presented by the trans- 
latory motion of the Sun, that is, the progressive motion of 
the center of gravity of the whole solar system in universal 
space. Its velocity is such* that, according to*Bessel, the 
relative motion of the Sun, and that of 61 Cygni, is not less 
in one day than 3,336,000 geographical miles. This change 
of the entire solar system would remain unknown to us, if the 
admirable exactness of our astronomical instruments of meas- 
urement, and the advancement recently made in the art of 
observing, did not cause our advance toward remote stars to 
be perceptible, like an approximation to the objects of a dis- 
tant shore in apparent motion. The proper motion of the star 
61 Cygni, for instance, is so considerable, that it has amount- 
ed to a whole degree in the course of 700 years. 

The amount or quantity of those alterations in the fixed 
stars (that is to say, the changes in the relative position of 
self-luminous stars toward each other), can be determined 
with a greater degree of certainty than we are able to attach 
to the genetic explanation of the phenomenon. Af\er taking 
into consideration what is duo to tho precession of the equi- 
noxes, and tho nutation of tho earth's axis produced by the 
action of the Sun and Moon on tho spheroidal figuro of our 
globe, and what may be ascribed to tho transmission of light, 
that is to say, to its aberration, and to tho parallax formed by 
the diametrically opposite position of tho Earth in its course 
round the Sun, we still find that there is a residual portion 

* Battel, in Schnm., JaKrh.fkr 1839, t. 51 ; probably four miUiont 
of nilot daily, in a relaiipt volcKitj of at the loett 3,336,000 milet, or 
more than double the Telocity of retolutioa of the Earth in her orbU 
roand the Sun. 

Vol. I.. 
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of the annual motion of the fixed stars due to the translation 
of the whole solar system in universal space, and to the true 
proper motion of the stars. The difRoult problem of numer- 
ically separating these two elements, the true and the appar- 
ent motion, has been effected by the careful study of the di 
rection of the motion of certain individual stars, and by the 
consideration of the fact that, if all the stars were in a state 
of absolute rest, they would appear perspectively to recede 
from the point in space toward which the Sun was directing 

. its course. But the ultimate result of this investigation, con- 
firmed by the calculus of probabilities, is, that our solar sys- 
tem and the stars both change their places in space. Accord- 
ing to the admirable researches of Argelonder at Abo, who 
has extended and more perfectly developed the work begun by 
William Herschel and Provost, the Sun moves in the direc- 
tion of the constellation Hercules, and probably, from the 
combination of the observations made of 637 stars, toward a 
point lying (at the equinox of 17925) at 257** 49-7 R.A., and 
26^ d9''7 N.D. It is extremely dimoult, in investigations of 
this nature, to separate the absolute from the relative motion, 
and to determine what is alone owing to the solar system.* 

If we consider the proper, and not the perspective motions 
of the stars, we shall find many that appear to be distributed 

• in groups, having an opposite direction ; and facts hitherto 
observed do not, at any rate, render it a necessary assumption 
that all parts of our starry stratum, or the whole of the stellar 
islands nlling space, should move round one large unknown 
luminous or non-luminous central body. The tendency of the 
human mind to investigate ultimate and highest causes cer- 
tainly inclines the intellectual activity, no less than the imag- 
ination of mankind, to adopt such an hypothesis. Even the 
Stagirite proclaimed that " every thing which is moved must 
be referable to a motor, and that there would be no end to 

* BesBrding tbo motion of the solar syitom, aocordiag to Bradley, 
Tobias Mayor, Lambert, I^lando, and William Herschel, see Amgn,m 
the Anmua$r«, 1842, p. 388-399; Ar^eluiider, in Schuni., AUron. Nackr., 
No. 3G3, 3C4, 398, and in the troatjse Von der eigenen Bewegnng da 
Bomnemytemi (On tlio i>ro[»er Motion of the Solar SystomV 1837, s. 43, 
rospectintf Penieua as the contnil body of the whole stuilar stiiitum, 
likewise Otho Struve, in Uie Bull, ds VAead. de St. PiUnb., 1842, t. x., 
No. 9, p. 137-139. The last-named astronomer has found, by a more 
recent combination, 26 1<* 23' R.A.-|-37*^ 36' Dccl. for the direction of 
the Bun's motion ; and, taking the mean of his own results with tJiat of 
Argolander, wo have, by a combination of 797 stars, the formula 2&U' 
9'LA. + 34«36'DecL 
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Uie ooneatenation of oauaes if thaxe were not one primoidial 
inunovabie motor."* 

The manifold traniUtory changes of the itara, not those 
produced by the paraliaxee at which they are teen finoro the 
changing position of the spectator, but the true changes con- 
stantly gomff on in the regions of space, afibrd us incontro- 
Tertiblc evidence of the dominion of the laws ofcUtraUion in 
the remotest regions of space, beyond the limits of our solar 
system. The oxistonco of tlieso laws is rovcalod to us by 
many phenomena, as, for instance, by the motion of double 
stars, and by the amount of retarded or accelerated motion in 
diflerent parts of their elliptic orbits. Human inquiry need 
no longer pursue this subject in the domain of vague conjec- 
ture, or amid the undefined analogies of the ideal world ; for 
even hero the Drogress made in the method of astronomical 
observations ana calculations has eiubled astronoiny to take 
up its position on a firm basis. It is not only the discovery 
of the astounding numbers of double and multiple stars re- 
volving round a center of gravity lying without their system 
(2800 such systems having been discovered up to 1837), but 
rather the extension of our knowledge regaroing the funda- 
mental forces of the whole material world, and the proofs we 
have obtained of the universal empire of the laws of attrac- 
tion, that must be ranked among the most brilliant discoveries 
of the ago. The periods of revolution of colored stars present 
the greatest differences ; thus, in some instances, the period 
extends to 43 years, as in fy of Corona, and in others to sev- 
eral thousands, as in 66 of Cetus, 38 of Gemini, and 100 of 
Pisces. Since Ilerschers measurements in 1782, the satcllito 
of the nearest star in the triple system of (of Cancer has com- 
pleted more than one entiro revolution. By a skillful com- 
bination of the altered distances and angles of position,! the 
elements of these orbits may be found, conclusions drawn re- 
garding the absolute distauce of the double stars from the 
Earth, and comparisons made between their mass and that 
of the Sun. Whether, however, here and in our solar sys- 
tem, quantity of matter is the only standard of the amount 
of attractive force, or whether specific forces of attraction pro- 
portionate to the mass may not at the same time come mto 
operation, as Bessel was the first to conjecture, are questions 

* AristoU, 4lf Cmle, iii., 3, p. 301, Dekker; PAyr. viii., 5, p. 95S. 

t BavAiy, in Um Connaiamnc* dtt Ttm; 1S30, p. 5C aiul 163. Enck«% 
J«W. Jakrh., 1832, %. *i53. 4^0. AiM>, in ih« Ammnmirt, 1834, p. 860, 
S95. John HorKhel, in the Mtmmn p/Ut Adrpmm, 5ae., voL v., p. 17 L 
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whose practical solution must be lef^ to future ages.* Whep 
we compare our Sun with the other fixed stars, that is, with oth 
er self-luminous Suns in the lenticular starry stratum of which 
our system forms a part, we find, at least in the case of some, 
that channels are opened to us, which may lead, at all events, 
to an approximate and limited knowledge of their relative 
distances, volumes, and masses, and of the velocities of their 
translatory motion. If we assume i\^e distance of Uranus 
from the Sun to be nineteen times that of the Earth, that is 
to say, nineteen times as great as that of the Sun from the 
Earth, the central body of our planetary system will be 11, 900 
times the distance of Uranus from the star a in the constella- 
tion Centaur, almost 31,300 from 61 Cygni, and 41,600 from 
Vega in the constellation Lyra. The comparison of the vol- 
ume of the Sun with that of the fixed stars of the first mag- 
nitude is dependent upon the apparent diameter of the latter 
bodies — an extremely uncertain optical demon t. If even we 
assume, with Horschel, that the apparent diameter of Arctu- 
rus is only a tenth part of a second, it still follows that the 
true diameter of this star is eleven times greater than that of 
the Suu.f The distance of the star 61 Cygni, made known 
by Bessel, has led approximately to a knowledge of the quan- 
tity of matter contained in this body as a double star. Not- 
withstanding that, since Bradley's observations, the portion 
of the apparent orbit traversed by this star is not sufficiently 
great to admit of our arriving with perfect exactness at the 
true orbit and the major axis of this star, it has been conjec- 
tured with much probability by the great Konigsberg astron- 
omer,t ** that the mass of this double star can not be very con- 
siderably larger or smaller than half of the muss of the Sun." 
This result is from actual measurement. The analogies de- 
duced from the relatively larger mass of those planets in our 
solar system that are attended by satellites, and from the fact 
that Struve has discovered six times more double stars amoug 

* Deaael, Untenuehung, de» Theili der planetarUchtn Stdrunrenf 
welehe au§ der Dewtgumg der Sonne enlUehtn (An luvcatigution of tho 
portioQ of tho i'lunetury Diiturbuncos de|)eiiJitig on tho Motion of the 
DUO) in Abk. der DerL Akad. der yViseentch., 1824 (Mathem. Claase), 
a. 2--G, The question has been raised by John Tobius Mayer, in Cow 
men/. 8oc. Reg. QoUing.t 1804-1808, vol. xvi., p. 31-G8. 

t PkiloB. Trane. for 1803, p. 225. Arago, in the Annuairfif 1842, p. 
375. In order to obtain a clearer idea of the distances ascribed in a 
rather earlier part of the text to the fixed stars, lot us assume that the 
Earth is a distance of one foot from Uio Suu; Uranus is then 19 feet, 
■nd Vega Lynu is 158 geographical niilua from it. 

t Desael, in Schum., Jahrb., 1839, s. 53. 
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the brighter than among the telescopic fixed stars, haye led 
other astronomers to conjecture that the aTcrago mass of the 
larger number of the binary stars exceeds the mass of the 
Sun.* We are, however, far from having arrived at general 
results regarding this subject. Our Sun, according to Arge- 
laudcr, belongs, with roforonco to proper motion in space, to 
the class of rapid ly-moving fixed stars. 

The a8|)cct of the starry heavens, the relative position of 
stars and ncbuloe, the distribution of their luminous masses, 
the picturesque beauty, if I may so express mjrself, of the 
whole firmament, depend in the course of ages conjointly upon 
the proper motion of the stars and nebulsB, the translation of 
our solar system in space, the appearance of new stars, and 
the disappearance or sudden diminution in the intensity of the 
light of others, and, lastly and specially, on tho changes which 
the Earth's axis experiences from tho attraction of tho Sun 
and Moon. The beautiful stars in the constellation of the 
Centaur and the Southern Cross will at some future time be 
visible in our northern latitudes, while other stars, as Sirius 
and the stars in the Belt of Orion, will in their turn disappear 
below the horizon. The places of the North Pole will suc- 
cessively be indicated by the stars p and a Cephei, and d Cygni, 
until a(\er a period of 12,000 years, Vega in Lyra will shine 
forth as the brightest of all possible polo stars. These data 
give us some idea of tlio extent of tho motions which, divided 
mto inrniitoly small portions of time, nrocoed without inter- 
mission in the great chronometer of the universe. If for a 
moment we could yield to tho power of fancy, and imagine 
the acutcness of our visual organs to bo made equal with the 
extremest bounds of telescopic vision, and bring together that 
which is now divided by long periods of time, the apparent 
rest that reigns in space would suddenly disappear. We 
should see the countless host of fixed stars moving in thronged 
groups in difTercnt directions ; ncbulro wandering through 
space, and becoming condensed and dissolved like cosmical 
clouds ; the vail of the Milky Way separated and broken ud 
in many parts, and motion ruling supreme in every portion of 
the vault of heaven, even as on tho Earth's surface, where we 
see it unfolded in the germ, the leaf, and the blossom, the or- 
ganisms of the vegetable world. The celebrated Spanish bot- 
anist Cavanilles was the first who entertained the idea of 
" seeing grass grow," and he directed the horizontal microme- 
ler threads of a powerfully magnifying glass at one time to 
« Midler, Atiron., a. 476; alao in Sehoiii., Jmkrh., 1839, t. 9ft. 
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the apex of the shoot of a hamhusa, and at another on the 
rapidly-growing stem of an American aloe {Agave Americana), 
precisely as tho astronomer places his cross of net- work against 
a culminating star. In the collective life of physical nature, 
in the organic as in the sidereal world, all things that have 
k)een, that are, and will he, are alike dependent on motion. 

Tho breaking up of tho Milky Way, of M'hich I havo just 
Hpokou, HMiuiroB BiMcial notice. William Ilorschcl, our safo 
and admirable guide to this portion of tho regions oT space, 
has discovered by his star-guagings that tho telescopio breadth 
of tho Mi iky Way extends from six to seven degrees beyond 
what is indicated. by our astronomical maps and by the extent 
of the sidereal radiance visible to the naked eye.* The two 
brilliant nodes in which the branches of the zone unite, in the 
region of Cepheus and Cassiopeia, and in the vicinity of Scor- 
pio and Sagittarius, appear to exercise a powerful attraction 
on the contiguous stars ; in the most brilliant part, however, 
between P and y Cygni, one half of the 330,000 stars that 
have been discovered in a breadth of 5^ are directed toward 
one side, and the remainder to the other. It is in this part 
that Herschel supposes the layer to be broken up.f The num- 
ber of telescopic stars in the Milky Way uninterrupted by any 
nebulffi is estimated at 18 millions. In order, I will not say, 
to realize the greatness of this number, but, at any rate, to 
compare it with something analogous, I will call attention to 
the fact that there are not in the whole heavens more than 
about 8000 stars, between the first and the sixth magnitudes, 
visible to the naked eye. The barren astonishment excitecl 
by numbers and dimensions in space, when not considered 
with reference to applications engaging the mental and per- 
ceptive powers of man, is awakened in both extremes of the 
oniverse, in the celestial bodies as in the minutest animal- 
cules.! A cubic inch of the polishing slate of Bilin contains, 
according to Ehrenberg, 40,000 millions of the silicious shells 
of GalionelloB. 

The stellar Milky Way, in the region of which, according to 
Argelander's admirable observations, the brightest stars of the 
firmament appear to be congregated, is almost at right angles 

* Sir William Herachel, in the PMIom, Transact, for 1817, Part ii 
p. 328. t Arago, in the Atmuaire, 1842, p. 459. 

X Sir John Herschel, in a letter from Feldhuysen, dated Jan. ISth, 
1836. Nicholl, ArehUeeture of the Heavens, 1838, p. 22. (See, also^ 
■umo teporate notices by Sir William Herschel on the starless space 
which separates us by a great distance from the Milky Way, in the 
PkUo4. Transact, for 1817, Part ii., p. 328.) 
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with another Milky Way, composed of nebuln. Tho formei 
constitutes, according to Sir John Herschers views, an anna* 
lus, that is to say, an independent zone, somewhat remote from 
our lenticular-shaped starry stratum, and similar to Saturn's 
ring. Our planetary system lies in an eccentric direction, 
nearer to the region of the Cross than to the diametrically op- 
posite point, Cassiopeia.* An imperfectly seen nebulous spot, 
discovered by Messier in 1774, appeared to present a remark- 
able similarity to tho form of our starry stratum and the divided 
ring of our Milky Way.t The Milky Wav composed of neb- 
uln does not belong to our starry stratum, but surrounds it at 
a great distance without being physically connected with it, 
passing almost in the form of a large cross through the dense 
nebula) of Virgo, especially in the northern wing, through 
Comoo Bcronicis, Ursa Major, Andromeda's girdle, and Pisces 
]3orcalcs. It probably iiitorsocts tho stellar Milky Wav in 
Cassiopeia, and connects its dreary polos (ronderod starless irom 
the attractive forces by which stellar bodies are made to ag^ 
glomerate into groups) in tho least denso portion of tho starry 
stratum. 

We see from these considerations that our starry cluster, . 
which bears traces in its projecting branches of having been 
subject in the course of time to various metamorphoses, and 
evinces a tendency to dissolve and separate, owinfi^ to second- 
ary centers of attraction — is surrounded by two nngs, one of 
which, the nebulous zone, is very remote, while the othor if 
nearer, and composed of stars alone. Tho latter, which wo 
generally term the Milky Way, is composed of nebubus stars, 
averaging from the tenth to the eleventh degree of magni- 
tude,! but appearing, when considered individually, of very 
diflerent magnitudes, while isolated starry clusters (starry 
swarms) almost always exhibit throughout a character of 
great uniformity in magnitude and brilliancy. 

In whatever part tho vault of hoavon has boon pierced by 
powerful and far-]K)netrating telescopic instninionis, stars or 
luminous nobulo aro ovory wlioro disoovorablo, tho ibnnor, in 

* Sir John Ilertchol, A§trcnam.t f 624 : likowito in bis Obterpaiioni 
>» Sekulmand CUittrM of Sian (Pkil. Tranmct., 1833, Tart ii.,^. 479, 
fig. 25) : " Wtt have h«re a brother ■jratem, bearing a real phynoal re 
•emblanoe and sUt>Dg analogy of stniotare to oar own." 

t Sir Willtam Herachel, in the Pkil. Trans, for 1785, Part i., p. 257. 
Sir John Hertchel, Aaircn.t f 616. (" The nti^lom$ regkm of the heav* 
ana (brma a nAuloM$ Milky Wmf, compoaod of distinct nebals, aa the 
other of atara.** The tame obtenration waa made in a letter he addreaaed 
10 ma in March, 1629.) X Sir John Hertchel, AMrvm., ^ 585. 
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some cases, not exceeding the twentieth or twenty-fourth d» 
gree of telescopio magnitude. A portion of the nebulous yapoi 
would probably be found resolvable into stars by more power 
ful optical instruments. As the retina retains a less vivid im- 
pression of separate than of infinitely near luminous points, 
less strongly marked photometric relations are excited in the 
latter case, as Arago has recently shown.* The definite or 
amorphous cosmical vapor so universally diffused, and which 
generates boat through condensation, probably modifies the 
transparency of the universal atmosphere, and diminishes that 
uniform intensity of light which, according to Halloy and 01- 
bers, should arise, if every point throughout the depths of space 
were filldd by an infinite scries of stars. t The assumption of 
such a distribution in space is, however, at variance with ob« 
servation, which shows us large starless regions of space, opefi- 
ings in the heavens, as William Hcrschol terms them — one, 
four degrees in width, in Scorpio, and another in Sorpentari- 
us. In the vicinity of both, near their margin, we find un- 
resolvable nobulss, of which that on the western edge of the 
opening in Scorpio is one of the most richly thronged of the 
clusters of small stars by which the firmament is adorned. 
Herschal ascribes these openings or starless regions to the at- 
tractive and agglomerative forces of the marginal groups. t 
** They are parts of our starry stratum,*' says he, with his 
usual graceful animation of style, ** that have experienced 
great devastation from time." If we picture to ourselves the 
telescopic stars lying behind one another as a starry canopy 
spread over the vault of heaven, these starless regions in Scor* 
pio and Serpentarius may, I think, be regarded as tubes 
through which we may look into the remotest depths of space. 
Other stars may certainly lie in those parts where the strata 
forming the canopy are interrupted, but these are unattainable 
by our instruments. The aspect of fiery meteors had led the 
ancients likewise to the idea of clefts or openings (chasmata) 
in the vault of heaven. These openings were, however, only 
regarded as transient, while the reason of their being luminous 
and fiery, instead of obscure, was supposed to be owing to the 

* Arago, io the Amnuairet 1842, p. 282-285, 409-411, and 439-442. 

t Olben, on the transparency of celestial space, in Dode*s Jahrb-, 
1826, s. 110-121. 

X ** An opening in the heavens,*' William Hersche],in the Phil. TVons 
for 1785, vol. Ixzv., Part i., p. 256. Le Franfais Lalande, in the Can" 
naUt, det Tenu pour PAn. VIII., p. 383. Arago, in the Annuaire, 
1842, p. 425. 
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translucent iUuminated ether which lay beyond them.* Dar< 
ham, and even Unygens, did not appear diflinoUned to explain 
in a similar manner the mild radiance of the neboln.f 

When we compare the stars of the first magnitude, which, 
on an average, are certainly the nearest to us, with the non- 
nebulous telescopic stars, and further, when we compare the 
nebulous stars with unresolvable nebuln, for instance, with 
the nebula in Andromeda, or even with the so-called planetary 
nebulous vapor, a fact is made manifest to us by the consider- 
ation of the varying distances and the boundlessness of space, 
which shows the world of phenomena, and that which con- 
stitutes its causal reality, to be dependent upon the propaga- 
tion of light. The velocity of this propagation is, according 
to Struve*s most recent investigations, 166,072 geographical 
miles in a second, consequently almost a million of times 
greater than the velocity of sound. According to the meas- 
urements of Maclcar, Bessel, and Struve, of the parallaxes 
and distances of three fixed stars of very unequal magnitudes 
(a Centauri, 16 Cygni, and a Lyne), a ray of light requires 
respectively 3, 9^, and 12 years to reach us from these three 
bodies. In the short but memorable period between 1572 
and 1604, from the time of Cornelius Gemma and Tycho 
Brahe to that of Kepler, three new stars suddenly appeared 
in Cassiopeia and Cygnus, and in the foot of Serpentarius. 
A similar phenomenon exhibited itself at intervals in 1670, in 
tlie oonstcUatiou Vulpis. In rooent times, even since 1837, 
Sir John Ilcrschel has observed, at the Cape of Good Hope, 
the brilliant star tj in Arso increase in splendor from the 
second to the first magnitude.^ These events in the universe 
belong, however, with reference to their historical reality, to 
other periods of time than those in which the phenomena of 
light are first revealed to the inhabitants of the Earth : they 
reach us like the voices of the past. It has been truly said, 
that with our large and powerful telescopic instruments we 
penetrate alike through the boundaries of time and space : we 
measure the former through the latter, for in the course of an 

* AriitoL, Meitor., ii., 5, 1. Soneca, Saiur. Qumti., L, 14, 2. *' Ccs- 
Inm diaoeMiMe,*' in Oic, d§ Divim., i., 43. 

t Araco, in the Annuairtt 1842, p. 429. 

i In Uecembor, 1837, Sir John Herachel mw the ftar 9 Arvo, which 
till that ttm« appeared aa of the neoond roairnitude, and liiu>le to no 
change, rapidly increnie tilt it became of the nrst magnitude. In Jan- 
oary, 1838, the intensity of it* light waa equal to that of a Centauri. 
According to our lateet information, Maclear. in March, 1843, (bond it 
as bright as Oanopus; and eyen a Crucis looked fiunt fa^ ^ Argo. 

G3 
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hour a ray of light traverses over a space of 592 millions ol 
miles. While, according to the theogony of Hesiod, the di- 
monsiouB of the universe were supposod to he exprefesed by the 
time occupied by bodies in falling to the ground {'* the brazen 
anvil was not more than nine days and nine nights in falling 
from heaven to earth"), the elder Herschel was of opinion* 
that light required almost two millions of years to pass to the 
Earth from the remotest luminous vapor reached by his forty- 
foot reflector. Much, therefore, has vanished long before it 
is rendered visible to us — much that we see was once difler- 
ontly arranged from what it now appears. The aspect of the 
starry heavens presents us with the spectacle of that which 
is only apparently simultaneous, and however much we may 
endeavor, by the aid of optical instruments, to bring the mild- 
ly-radiant vapor of nebulous masses or the faintly-glimmering 
starry clusters nearer, and diminish the thousands of years 
interposed hetween us and them, that serve as a criterion of 
their distance, it still remains more than probable, from the 
knowledge we possess of the velocity of the transmission of 
luminous rays, that the light of remote hoavonly bodies pre- 
sents us with the most ancient perceptible evidence of the ex- 
istence of matter. It is thus that the reflective mind of man 
is led from simple premises to rise to those exalted heights of 
nature, where, in the light-illumined realms of space, ** myriads 
of worlds are bursting into life like the grass of the night."t 
From the regions of celestial forms, the domain of Uranus, 
we will now descend to the more contracted sphere of terres- 
trial forces — to the interior of the Earth itself A mysterious 
chain links together both classes of phenomena. According 
to the ancient signification of the Titanio niyth,t the jiowors 
of organic life, that is to say, the great order of naturo, de^iond 
upon the combined action of heaven and earth. If we sup- 
pose that the Earth, like all the other planets, primordially 
belonged, according to its origin, to the central body, the Sun, 
and to the solar atmosphere that has been separated into neb- 

* " Hence it follows that the rays of light of the remoteiit uebulto 
muit have been almost two millions of years on their way, and that 
consequently, so many years ago, this object most already have had 
an existence in the sidereal heaven, in order to send oat those rays by 
which we now psrceive it." William Herschel, in the Phil. Tran§. 
for 1802, p. 498. John Herschel, Astron., ^ 590. Arago, in the At^ 
nuaire, 1842. p. 334, 359, and 382-385. 

t From my brother's beautiful sonnet " Freiheitund Gesetz." (Wil 
belm von Humboldt, Oe$amtneUe JVerke, bd. iv., s. 358, No. 25.) 

t Oifried MQllor, Prolegomena^ s. 373. 
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nlooi rings, the same connection with this contiguous Sun, as 
well as with all the remote suns that shine in the firmament, 
is still revealed through the phenomena of light and radiating 
heat. The difierence in the degree of these actions must not 
lead the physicist, in his delineation of nature, to forget the 
connection and the common empire of similar forces in the 
universe. A small fraction of telluric heat is derived from 
the regions of universal space in which our planetary system 
is moving, whose temperature (which, according to Fourier, 
is almost equal to our mean icy polar heat) is the result of the 
combined radiation of all the stars. The causes that more pow- 
erfully excite the light of the Sun in the atmosphere and in the 
upper strata of our air, that give rise to heat-engendering elec- 
tric and magnetic currents, and awaken and genially vivify 
the vital spark in organic structures on the earth's surface, 
must be reserved for the subject of our future consideration. 

As we purpose for the present to confine ourselves exclusive- 
ly within the telluric sphere of nature, it will be expedient to 
cast a preliminary glance over the relations in space of solids 
and fluids, the form of the Earth, its mean density, and the 
partial distribution of this density in the interior of our planet, 
Its temperature and its electro-magnetic tension. From the 
consideration of these relations hi space, and of the forces in- 
herent in matter, we shall pass to the reaction of the interior 
on the exterior of our globe ; and to the special consideration 
of a universally distributed natural power — subterranean heat ; 
to the phenomena of earthquakes, exhibited in unequally ex- 
panded circles of commotion, which are not referable to the 
action of dynamic laws alone ; to the springing forth of hot 
wells ; and, lastly, to the more powerful actions of volcanio 

Cocoes. The crust of the Earth, which may scarcely have 
n perceptibly elevated by the sudden and repeated, or al- 
most uninterrupted shocks by which it has been moved from 
below, undergoes, nevertheless, great changes in the course oi 
centuries in the relations of the elevation of solid portions, 
when compared with the surface of the liquid parts, and even 
in the form of the bottom of the sea. In this manner si- 
multaneous temporary or ponnanent fissures are opened, by 
which the interior of the Earth is brought iu contact with 
the external atmosphere. Molten masses, rising from an un- 
known depth, fiow ill narrow streams along the dechvity of 
mountains, rushing impetuously onward, or moving slowly 
and gcutly, until the fiory source is oucuohcd in the midst of 
•xhalatious, and the lava becomes mcrusted, as it were, bj 
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the Bolidifioation of its outer surface. New masses of rooks 
are thus formed hefore our eyes, while the older ones are in 
their turn converted into othor forms by the greater or lesser 
agency of Plutonic forces. Even where no disruption takes 
place the crystalline molecules are displaced, combining to 
form bodies of denser texture. The water presents structures 
of a totally diflbront nature, as, for instance, concretions of 
animal and vegetable remains, of earthy, calcareous, or alumin- 
ous precipitates, agglomerations of fiuoly-pulverizod minoral 
bodies, covered 'uilh layers of the silicious shields of infusoria, 
and with transported soils containing tho bones of fossil ani- 
mal forms of a moro ancient world. The study of the strata 
which are so diflerently formed and arranged before our eyes, 
and of all that has been so variously dislocated, contorted, and 
upheaved, by mutual compression and volcanic force, leads 
the reflective observer, by simple analogies, to draw a com 
parison between the present and an age that has long passed 
It is by a combination of actual phenomena, by an ideal en- 
largement of relations in space, and of the amount of active 
forces, that we are able to advance into the long sought and 
indefinitely anticipated domain of geognosy, which has only 
within the last half century been based on the solid founda- 
tion of scientific deduction. 

It has been acutely remarked, " that, notwithstanding our 
continual employment of large telescopes, we are less ac- 
quainted with the exterior than with the interior of other 
planets, excepting, perhaps, our own satellite." They have 
been weighed, and their volume measured ; and their mass 
and density are becoming known with constantly-increasing 
oxaotnoBM ; thanks to the progress made in astrunoinical ob- 
servation and calculation. Their physical character is, how- 
ever, hidden in obscurity, for it is only in our own globe that 
we can be brought in immediate contact with all the ele- 
ments of organic and inorganic creation. The diversity of 
the most hetoroffeneous substances, their admixtures and met- 
amorphoses, and the over-changing play of the forces called 
into action, aflbrd to the human mind both nourishment and 
enjoyment, and open an immeasurable field of observation, 
from which the intellectual activity of man derives a great 
portion of its grandeur and power. The world of perceptive 
phenomena is reflected in the depths of the ideal world, and 
the richness of nature and the mass of all that admits of clas- 
sification gradually become the objects of inductive reasoning. 

I would here aUude to the advantage^ of which I have al- 



TBBBB8TRIAL rilENOMBNA. 157 

ready spoken, posBessed by that portion of physical science 
whose origin is familiar to us, and is connectea with our earth- 
ly existence. The physical description of celestial bodies, from 
the remotely-glimmering nebulcD with their suns, to the central 
body of our own system, is limited, as we have seen, to gen- 
eral conceptions of the volume and quantity of matter. No 
manifestation of vital activity is there presented to our senses. 
It is only from analogies, frequently from purelv ideal com- 
binations, that we hazard conjectures on the specific elements 
of matter, or on their various modifications m the diflerent 
planetary bodies. But the physical knowledge of the het- 
erogeneous nature of matter, its chemical diflerences, the reg^ 
nlar forms in which its molecules combine together, whether 
in crystals or granules ; its relations to the deflected or do- 
oomposod waves of light by which it is penetrated ; to radi- 
ating, traufliiiittod, or |K)larizcd heat ; and to the brilliant or 
invisible, but not, on that account, loss active phenomena of 
electro-magnetism — all this inexhaustible treasure, by which 
the enjoyment of the contemplation of nature is so much 
heightened, is dependent on the surface of the planet which 
we inhabit, and more on its solid than on its liquid parts. I 
have already remarked how greatly the study of natural ob- 
jects and forces, and the infinite diversity of the sources they 
open for our consideration, strengthen the mental activity, and 
call into action every manifestation of intellectual progress. 
These relations require, however, as little comment as that 
concatenation of causes by which particular nations are per- 
mitted to enjoy a superiority over others in the exercise of a 
material power derived from their command of a portion of 
these elementary forces of nature. 

If, on the one hand, it were i^pcessary to indicate the dif- 
ference existing between the nature of our knowledge of the 
Earth and of that of the celestial regions and their contents, 
I am no less desirous, on the other hand, to draw attention 
to the limited boundaries of that portion of space from which 
we derive all our kiiowlcdgo of tho liotorogoucoiui character 
of matter. This has boon somewhat inap]in)priately tcnnod 
tho Earth's crust ; it includes tlio strata most contiguous to 
the upper surface of our planet, and which have been laid 
open before us by deep fissure-like valleys, or by the labors of 
man, in the bores and shaAs formed by miners. These labors* 

* lo upoAking of tlio groAlott dopttit wiihln tlio EiirUi roAchod by ha 
mao labor, w« must recollect thmt there is • difference between tM ah' 
9oimi4 ifftk (that it to ny, the depth bekm the Earth's virfiipe at that 
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do not extend beyond a vortical dopth of somewhat more than 
2000 feet (about one third of a geographical mile) below the 

point) and thu relalitfe depih (or that bonoath tlio level of tho soa). Tho 
greatest relative depth that man has hitherto reached is probably the 
bore at the new salt-works at Miuden, in Prussia: in June, 1844, it 
was exactly 1993 feet, the absolute depth being 2231 feet. The tern 
peniture ol the water at the bottom was 91^ F., which, ossuming tho 
mean temperature of the air at 49^*3, gives an augmentation of tem- 
perature of 1^ for every 54 feet The absolute depth of the Artesian 
well of Qrenelle, near Paris, is only 1795 feet. According to the ac- 
count of the missionary Imbert, the nre-springs, " Ho-tsing," of the Ohi- 
nese, which ore sunk to obtain [carbureted] hydrogen gas for salt-boil- 
ing, far exceed our Artesian springs in depth. In the Chinese province 
orSzQ-tschuau these 6re-spnugs are very commonly of the depth of 
more than 2000 foot; indeed, at Tseu-lieu-tsing (the place of continual 
flow^ there is a Ho-tsing which, in the year 1812, was found to be 3197 
feet deep. (Humboldt, Atie CetUrale, t. ii., p. 521 and 525. AnnaUs 
de VAuociation de la Propagation de la Foi^ 1829, No. 16, p. 369.) 

The relative depth reached at Mount Massi, in Tuscany, south of 
Voltorra, amounts, according to Muttouci, to only 1253 fuet. Tho bor- 
iuff ut the now salt-works near Miuden is probably of about the same 
roTutivo dopth as thu coul-miue at Apondulo, near Nowcustlo-undor- 
Lymo, in HtulFordsliiro, whore men work 725 yards below the surface 
of the earth. (Thomas Smith, Miner*i Quide, 183G, p. 160.) Unfortu- 
nately, I do not know the exact height of its mouth above the level 
of the sea. The relative depth of tlie Monk-wearmouth mine, near 
Newcastle, is only 1496 feet. (Phillips, in the Philos. Mag., vol. y., 
1834, p. 446.) That of the Liege corn-mine, VEspirance, at Seroing, 
is 1355 feet, according to M. von Dechen, the director ; and the old 
mine of Marihaye, near Val-SL-Lambert, in the vuUey of the Maes, 
is, according to M. Qemaert, Ing^nieur des Mines, 1233 feet in depth. 
The works of greatest absolute depth that have ever been formed 
are for the most part situated in such elevated plains or valleys that 
they either do not descend so low as the level of the sea, or at most 
reach yery little below it. Thus the Eselschaoht, at Kuttenberg, in Do 
hernia, a mine which can not now bo workc<l, hud the enormous abso- 
lute depth of 3778 foot. (Vv, A. Schmidt, Deregesetze dcr otter Mon., 
abtb. i., bd. i., s. xxxii.) Also, at St. Daniol aim at Geish, on tho Rdrer* 
bahel, in the Landgerieht (or provincial district) of KitzbQhl, there 
were, in the sixteenth century, excavations of 3107 feet. The plans 
of the works of the ROrerbQhel are still preserved. (See Joseph von 
Sperges, Tyroler Bergwerktgetchiekte, s. 121. Compare, also, Hum- 
boldt, Outachten €tber Herantreibung des Meittner StoUens m die Freif 
berger Erxrevier, printed in Herder, Hber den jetz begonnenen Erbstol" 
Un, 1838, s. cxxiv.) Wo may presume that the knowledge of the ex- 
traordinary depth of the lldrerbQbel reached England at an early period, 
for I find It remarked in Gilbert, de Ma^^nete, that men have penetrated 
2400 or even 3000 feet into the crust ot the Earth. (" Exigua videtur 
terns portio, quie unquam hominibus spectanda emerget aut eruitur; 
cum profundius in ejus viscera, ultra c^florescentis extremitatis comipte- 
lam. ttut propter aquas in magnis fodiu. tanquam per veuos scaturientes 
out propter aeiis salubrioris ad vitam o erariorum sustiuondam neces- 
sarii defectum, aut propter ingentes su'm^tus ad tantos labores exunt- 
londos m;iltasque difficultates, od profuudii^res terns partes peuetrare 
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leTel of the lea, and sonsequently only about f Vtt^^ of the 
Earth's radius. The crystalline masses that have been erupt- 
ed from active volcanoes, and are generally similar to the 
rocks on the upper surface, have come from depths which, 
although not accurately determined, must certainly be sixty 
times greater than those to which human labor has been ena- 
bled to penetrate. We are able to give in numbers the depth 
of the shaft where the strata of coal, after penetrating a cer- 
tain way, rise again at a distance that admits of being accu- 
rately defined by measurements. These dips show that the 
carboniferous strata, together with the fossil organic romains 
which they contain, must lie, as, for instance, in Belgium, 
more than five or six thousand feet* below the present level 

Don poMamas; atleo at qaadringentaa aat [qaod mriMimel qaingentas 
orgyM in quibandnin moUillifdoficoiidiMO,iilapoiidiui otniiiDiif Tidoatar 
oonatui." — Gulielini Gilborti, OolcMtrentii, dt Magnde PkytMogim 
nowa. Load., 1600, p. 40.) 

Tho abfloluie d|)iith of the minet in tba Saxon Engebirgo, near Frel 
barg, are : in the Thunnhofer minet, 1944 feet ; in the Honenbirker 
minea, 1827 feet ; the relative depths are only 677 and 277 feet, if. in 
order to calculate the elevation of the mine's mouth above the level of 
the tea, wo regard Uie elevation of Freiburc as determined by Reich's 
recent observations to be 1269 feet. The absolute depth of the cele- 
brated mine of Joachimsthal, in Bohemia (Verkreuxung des Jung Haner 
Zechen-oiid Andreasganges), is full 2120 feet ; so that, as Von Dechen's 
measurements show tnat its surface is about 2388 feet above the level 
of the sen, it follows that the excavations have not as yet reached that 

SoinL In tho Hare, tlio Sanison mine at Aiidreasborg has an al»sohito 
eplh of 2197 foot In what was formerly Spnnisli America, I know 
of no mine deeper than the Valenciana, near Ounnaxunto (Mexico), 
where I found the abatdute depth of the Planes de San Denmrdo to 1^ 
1680 foot ; but ihoso planet are 5960 loot aliovo tho lovel of tho sea. 
If we compare tho deptli of the old Kottenberger mine (a deptli great- 
er than the height of our Brocken, and only 200 feet less than that of 
Veaovius) with the loftiest structures that the hands of man have erect- 
ed (with the Pyramid of Oheops and with the Cathedral of Strasburg). 
we find that they staml in tlie ratio of eight to one. In this note I liave 
oollocted all tho cortnin infonnation I could find regarding the great- 
est absolute and relative depths of mines and borincs. In descending 
eastward from Jerusalem toward tlie Dead Sen, a view presents itself 
to tho eye, which, according to onr present hy|)somotncaI knowledge 
of the surface of our planet, is unnvalod in any country ; as wo ap' 
proach the open ravine through which the Jordan takes its course, we 
tread, with the open sky above us, on rocks which, acconling to the b»- 
rometrio measurements of Berton and Russegxer, are 1385 feet below Uie 
level of the Mediterranean. (Humboldt, Am» CtntraJe, th. ii., p. 333.) 
* Basin-shaped curved strata, which dip and reappear at measurable 
distances, althouf^h their deepest portions are beyond the reach of the 
miner, sfTord sensible cv)donc:e of the nature of the eartli's crust at great 
depths beluw its surface. Testimony of this kind possesses, consequent* 
Iv. a great geognottio bterett I am indebted to that excellent geog- 
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of the Bea, and that the calcareous and the curved strata of 
the Devonian basin penetrate twice that depth. If we com- 
pare those subterranean basins with the summits of mountains 
that have hitherto been considered as the most elevated por- 
tions of the raised crust of the Earth, we obtain a distance of 
37,000 feet (about seven miles), that is, about the 7-^^^^ ^^ 
the Earth's radius. These, therefore, would be the limits of 
vertical depth and of the superposition of mineral strata to 
which geognostical inquiry could penetrate, even if the gener^ 
al elevation of the upper surface of tho earth wore equal to 
the height of tho Dhawalugiri ji tho Himalaya, or of the 
Sorata in Bolivia. All that lies at a greater depth below the 
level of the sea than the shafts or the basins of which I have 
spoken, the limits to which man's labors have penetrated, or 
than the depths to which the sea has in some few instances 
been sounded (Sir James Ross was unable to find bottom with 
27,600 feet of line), is as much unknown to us as the interior 
of the other planets of our solar system. We. only know tho 
mass of the whole Earth and its mean density by comparing 
it with the oiien strata, which alone are accessible to us. In 
tho interior of the Earth, whore all knowledge of its chemical 
and mineralogical character fails, we are again limited to as 
pure conjecture, as in the remotest bodies that revolve round 
the Sun. We can determine nothing with certainty regard- 
ing the depth at which the geological strata must bo supposed 
to bo in state of sodcning or of liquid fusion, of the cavities 
occupied by elastic vapor, of tho condition of fluids when 
heatod under an enormous pressure, or of the law of the in- 

nosiat, Yon Dechen, for tlie followioff obsorvations. " The depth of 
the coal basin of Liego, at Mout SL Gulos, which I, in conjunction with 
our friend Von Oeynuausen, liuve ascertained to be 3890 feet below 
the surface, extends 3464 feet below the surface of the sea, for the ab- 
solute height of Mont St. Gilles certainly does not much exceed 400 
feet ; the coal basin of Mons is fully 1865 feet deeper. But all tliese 
depdis are trifling compared witli those which are presented by the 
coal strata of Saar-Revier (Saarbrflcken). I have found, after repeated 
examinations, that the low^t coal stratum which is known m the neigh- 
borhood of Duttweiler, near Bettingen, nortlieast of Saarlouis, must de- 
scend tc depths of 20,682 and 22,015 feet (or 3*6 geographical miles^ 
below the level of the sea." Thb result exceeds, uy more than 8000 
feet, tho assumption made in the text regarding the basin of the De- 
vonian strata. This coal-fleld is therefore sunk as ieuc below the sur* 
face of the sea as Ohimborazo is elevated above it — at a deptli at which 
the Barth*s temperature must bo as high as 435^ F. Ilenco, from the 
highest pinnacles of the Himalaya to Uio lowest basins containing the 
Tu(r;eUiUou of an uarlier world, thuro is u vertical distanoo of about 
48 000 foot, or of thu 435th i»art of the Earth's radius. 
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eieaie of density from the upper surface to the center of the 
Earth. 

The consideration of the increase of heat with the increase 
of depth toward the interior of our planet, and of the reaction 
of the interior on the external crust, loads us to tho long lorios 
of Tolcanic phenomena. These clastic forces arc manifested 
in earthquakes, eruptions of gas, hot wells, mud volcanoes and 
lava currents from craters of eruptions, and oven in producing 
alterations in the level of the sea.* Large plains and vari- 
ously indented continents are raised or sunk, lands are sep 
arated from seas, and the ocean itself, which is penneated by 
hot and cold currents, coagulates at both poles, converting 
water into dense masses of rock, which are either stratified and 
fixed, or broken up into floating banks. The boundaries of 
sea and land, of fluids and solids, are thus variously and fre- 
quently changed. Plains have undergone oscillatory move- 
ments, being alternately elevated and depressed. After tho 
elevation of continents, mountain chains were raised upon long 
fissures, mostly parallel, and, in that case, probably cotem- 
poraneous ; and salt lakes and inland seas, long inhabited by* 
the Mime creatures, were forcibly separated, the fossil remains 
of shells and zoophytes still giving evidence of their original 
connection. Thus, in following phenomena in their mutual 
dependence, we are led from the consideration of the forces 
acting in tho interior of the Earth to those which caiuK) erup- 
tions on its surface, and by tlio pressure of elastic vapors give 
rise to burning streams of lava that flow from open fissures. 

The same powers that raised the chains of the Andes and 
the Himalaya to the regions of perpetual snow, have occa- 
sioned new compositions and new textures in the rocky masses, 
and have altered the strata which had been previously de- 
posited from fluids impregnated with organic substances. We 
here trace the series of formations, divided and superposed ao- 
oording to their age, and depending upon tho changes of con- 
figuration of tho surface, the dynamic relations of upheaving 
forces, and the chemical action of vapors issuing from the 
fissures. 

The form and distribution of continents, that is to say, of 
that solid portion of the Earth's surface which is suited to the 
luxurious development of vegetable life, are associated by in- 
timate connection and reciprocal action with the encircling 

* [See Daubeoey On Volcamoa, 2d edit, 1B4S, p. 539, dee., on the to- 
callml mti^ wieafiAtf , and the reasont adYsnced in fiivor of adopCuig the 
term " aalaea to dedgnate these pheaomeiia.]— TV. 
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tea, in which organic life is almost entirely limited to the ani- 
mal world. The liquid element is again covered by the at* 
mosphere, an aerial ocean in which the mountain chains and 
high plains of the dry land rise like shoals, occasioning a va- 
riety of currents and changes of temperature, collecting vapor 
from the region of clouds, and distributing life and motion by 
the action of the streams of water which flow from their de- 
clivities. 

While the geography of plants and animals depends on 
those intricate relations of the distribution of sea and land, the 
configuration of the Surface, and the direction of isothermal 
lines (or zones of equal mean annual heat), we find that the 
case is totally difierent when we consider the human race— 
the last and noblest subject in a physical description of the 
globe. The characteristic diflerences in races, and their rela- 
tive numerical distribution over the Earth's surface, are con- 
ditions alibcted not by natural relations alone, but at the same 
time and specially, by the progress of civilization, and by moral 
and intellectual cultivation, on which depends the political 
superiority that distinguislies national progress. Some few 
races, clingring, as it were, to the soil, are supplanted and ruined 
by the dangerous vicinity of others more civilized than them- 
selves, until scarce a trace of their existence remains. Other 
races, again, not the strongest in numbers, traverse the liquid 
element, and thus become the first to acquire, although late, 
a geographical knowledge of at least the maritime lands of the 
whole surface of our globe, from pole to pole. 

I have thus, before wo enter on the individual characters 
of that portion of the delineation of nature which includes the 
sphoro of telluric jihonomona, shown goncrully in what man- 
ner the consideration of the form of the Earth and the inces- 
sant action of electro-magnetism and subterranean heat may 
enable us to embrace in one view the relations of horizontal 
expansion and elevation on the Earth's surface, the geognostio 
type of formations, the domain of the ocean (of the liquid por- 
tions of the Earth), the atmosphere with its meteorological 
processes, the geographical distribution of plants and animals, 
and, finally, the physical gradations of the human race, which 
is, exclusively and every where, susceptible of intellectual cul- 
ture. This unity of contemplation presupposes a connection 
of phenomena according to their internal combination. A 
mere tabular arrangement of these facts would not fulfill the 
object I have proposed to myself, and would not satisfv that 
requirement for cosmical presentation awakened in me oy the 
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aipeet of nature in my jouraeyings by tea and land, by tho 
caroftil study of forniB and foroet, and by a virid iinpronion 
of the unity of nature in the midst of the most variod portions 
of the Earth. In the rapid advance of all branches of physical 
science, much that is deficient in this attempt will, perhaps, 
at no remote period, be corrected, and rendered more perfect, 
for it belongs to the history of the development of knowledge 
that portions which have long stood isolated become gradually 
connected, and subject to higher laws. I only indicate the 
empirical path in which I and many others of similar pursuits 
with myself are advancing, full of expectation that, as Plato 
Cells us Socrates once desired,*^' Nature may be interpreted by 
reason alone.*'* 

The delineation of the principal characteristics of telluric 
phenomena must begin with the form of our planet and its 
relations in space. Hero, too. we may say that it is not only 
the mineralogical character of rocks, whether they are crys- 
talline, granular, or densely fossiliforous, but the geometrical 
ibrm of the Earth itself, which indicates the mode of its origin, 
and is, in fact, its history. An elliptical spheroid of revolu- 
tion gives evidence of having once been a soft or fluid mass. 
Thus the Earth's compression constitutes one of the most an- 
cient geognoetic events, as every attentive reader of the book 
of nature can easily discern ; and an analogous fact is pre- 
sented in the case of the Moon, the perpetual direction of whoso 
axes toward the Earth, that is to say, tho increased accumula- 
tion of matter on that half of the Moon which is turned to- 
ward us, determines the relations of the periods of rotation and 
revolution, and is probably cotemporaneous with the earliest 
epoch in the formative history of this satellite. The mathe- 
matical figure of the Earth is that which it would have were 
its surface covered entirely by water in a state of rest ; and it 
is this assumed form to which all geodesical measurements of 
degrees refer. This mathematical surface is diflerent from 
that true physical surface which is afleoted by all tho acci- 
dents and mequalitics of the solid parts. t Tho whole figure 
of tho Earth is detonninod when we know tho amount of tho 

* rUto, Pk4tdo, p. 97. (Ari»t., Metapk., p. 985.) Oompsre Hegel, 
Pkile§opkt4 der OitekukU, 1840. ■. 16. 

t BcMel, AUgemein* B^raehimmgtm S^r Oradmts$nngtm nock msir^ 
namUek'gtoddtueken Arbfilem^ at the oonclunon of DmmI and Daeyer. 
Ormdmmtnnr m OiipreuMen, ■. 427. Regarding the aocumalation of 
Matter on the mdo of the Mcmn turned toward ut (a tubject noticed 
in an earlier part of the text), tee Laplace, Expo9, dm 8fM. dm Momdt, 
p. 308. 
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oompression at the poles and the equatorial diameter ; in or • 
der, however, to obtain a perfect representation of its form >^ 
is necessary to have measurements in two directions, perpen- 
dicular to one another. 

Eleven measurements of degrees (or determinations of the 
curvature of the Earth's surface in difierent parts), of which 
nine only belong to the present century, have made us ac- 
quainted with the size of our globe, which Pliny named *' a 
point in the immeasurable universe."* If these measurements 
do not always accord in the curvatures of different meridians 
under the samo degree of latitude, this very circumstance 
speaks in favor of the exactness of the instruments and the 
methods employed, and of the accuracy and the fidelity to 
nature of these partial results. The conclusion to be drawn 
from the increase of forces of attraction (in the direction froir. 
the equator to the poles^ with respect to the figure of a planet 
is dependent on the distribution of density in its interior 
Newton, from theoretical principles, and perhaps likewise 
prompted by Cassini's discovery, previously to 1GG6, of the 
compression of Jupiter,t determined, in his immortal work, 
Philosoj^da Naturalis Prindpiay that the compression of the 
Earth, as a homogeneous mass, was j^^th. Actual meas- 

* Plin., ii., 68. Seneca, Nat. Quasi., PrmJ., c. ii. " El mundo ei 
poco" (the Elarth is small and narrow^, writea ColambaB from Jamaica 
to Qaeen Isabella on the 7th of July, 1503 ; not because he entertained 
the philosophic views of the aforesaid Romans, but because it appeared 
advantageous to him to maintain that the journey from Spain vras not 
long, if, OS he observes, " we seek the east from the west." Oompare 
my £xamc» Crii. dc VHut. de la Qiogr. du I5me Siicle, t. i., p. 83, and 
t. ii., p. 327, whoro I Imvo shown that the opinion maintained by Do- 
lisle, br6ret, and Qossolui, that tho ozcossivo dilTorences in the stute- 
meuts regarding tho Earth's ciroumferonce, found in the writings of 
the Qreeks, are only apparent, and dependent on diflTeront values being 
attached to tlio stadia, was put forward as early as 1495 by Jaime Fer- 
rer, iu a nroiK>sition ro^rding tho determination of tho lino of domai*k- 
ation of the papal douunions. 

t Browster, Life of Sir Uaae Newton, 1831, p. 162. '' The discovery 
of tho sphomidul fonn of Junilor by Cassiui hud probably directed tho 
Bttontiou of Newton to the ilotormnialion of its causo, auu, cousctiuoiit- 
ly, to the invotttigution of tho true figure of tho Eurth." Although Cas- 
sini did not onnounco tho amount of tlie compression of Jupiter (j-^th) 
till 1691 {Aneien* M4moire» de VAcad. dee Sciences, t. ii., n. 108), yet 
we know from Lalande (Astron., 3me 6d., t. iii., p. 335) that Moraldi 
possessed some printed sheets of a Latin work, " On the Spots of the 
rlanets," commenced by Cossini, from which it was obvious that he 
was aworo of the compression of Jupiter before the year 1666, and 
therefore at least tweuty-one years before the publicaUon of Newton's 
Prmeijna, 
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arcmeiitB, made by the aid of new and more perfect analyiiii 
hare, howeyer, shown that the compresBion of the poles of the 
terrestrial spheroid, when the density of the strata is regarded 
as increasing toward the center, is very nearly f |v^^- 

Three methods have been employed to investigate the cunr* 
ature of the Earth's surface, viz., measurements of degrees, 
oscillations of the pendulum, and observations of the inequal- 
ities in the Moon s orbit. The first is a direct geometrical 
and astronomical method, while in the other two we determ- 
ine from accurately observed movements the amount of the 
forces which occasion those movements, and from these forces 
we arrive at the cause from whence they have originated, viz., 
the compression of our terrestrial spheroid. In this part of 
my delineation of nature, contrary to my usual practice, I 
have instanced methods because their accuracy aflbrds a strik- 
ing illustration of the intimate connection existing among 
the forms and forces of natural phenomena, and also because 
their application has given occasion to improvements in the 
exactness of instruments (as those employed in the measure- 
ments of space) in optical and chronological observations ; to 
greater perfection in the fundamental branches of astronomy 
and mechanics in respect to lunar motion and to the resistance 
experienced by the oscillations of the pendulum ; and to the 
discovery of new and hitherto untrodden paths of analysis. 
With the exception of the investigations of the parallax of 
stars, which led to tlio discovery of aberration and nutation, 
the history of science presents no problem in which the ob- 
ject attained — the knowlodgo of the compression and of tlio 
irregular form of our planet — is so far exceeded in importance 
by the incidental gain which has accrued, through a long and 
w^ary course of investigation, in the general furtherance and 
improvement of the mathematical and astronomical sciences. 
The coinnarison of eleven measurements of degrees (in which 
are incluuod throe oxtra-JiIuropcan, namely, the old Teruvian 
and two ICost Indian) gives, according to tho most strictly 
theoretical roquircnionU allowed for by iicssol,* a comprussion 

* According to Detnol't oxntnination of ton moaturomonts of dogroet, 
in which the error discovered by Puisnnt in tho calculation of the 
French nieattirementa i» taken into consideration (Schumacher, AMron, 
Nmekr.. 1S41, No. 438, t. 116^, the temi-axi* migor of the elliptical 
•pberoid of revolution to which the irregular figure of the Earth n>oat 
c»aaelyapproxiniate«is3^73,077'14 twites, or 20,924,774 feet; thetemt* 
axis minor, 3,261,159-83 toitet, or 20,854,821 feet; and the amount of 
eompretaion or eccentricity jf f!m<l » ^* length of a mean degree of 
tfM meridian, 57,013*109 totMs, or 364,596 feet, with an error of -4- 
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of firth. In accordance with this, the polar radius is 10,938 
toises (69,944 feet), or about 1 1| miles, shorter than the equa- 
torial radius of our terrestrial spheroid. The excess at the 
equator in consequence of the curvature of the upper surface 
of the globe amounts, consequently, in the direction of gravi- 
tation, to somewhat more than 4^th times the height of 
Mont Blanc, or only 2^ times the probable height of the 
summit of the Dhawalagiri, in the llimalaya cliain. The 
lunar inequalities (perturbation in the moon's latitude and 
longitude) give, according to the last investigations of Laplace, 
almost the same result ibr the ellipticity as the measurements 
of degrees, viz., j^i^^^^' '^^^ results yielded by the oscillation 
of the pendulum give, on the whole, a much greater amount 
of compression, viz., ^l-fth.* 



2-8403 toises, 
b 3807-23 toisos 



, or 18*16 foet, whence the length of a geographical mile 
lisos, or 608G'7 foot. Previous cumbiiiutiuns ut' measure- 
monts of dogroos varied between ^{^ and ^ Aiyth; thus Walbeck (/>« 
Forma et Magniluditu tdlurU in dementii arcuh* Meridiani definiendit, 
1819) gives jvi Y|th : Ed. Schmidt (LehrbuchderAfalhem.und Phy; Geo- 
grapkie, 18U9, s. 5) gives 7^} T-i|d, as tlie mean of seven measures. Re- 
specting the influence of great differences of longitude on the polar 
compression, see BibliUhique Univerulle, t. zxxiii., p. 181, and t zxxv., 
p. 56; Hkewise Connauaanee de* Tenu, 1829, p. 290. Frofli the lunar 
mequalities alone, Laplace {Exposition du Syst. du Monde, p. 229) found 
it, by the older tables of Biirg, to be nVj^h ; and subsequently, from 
the lunar observations of Burckhardt and Bouvard, he fixed it at ^^^.i-th 
(Micanique CiUtU, t. v., p. 13 and 43). 




conluig to Forsler, «g*g,^th ; according t4i Duporrey, ^5^1^'** *"**^ 
cording to LQlke (ParUe NatUique, 1836, p. 232), ^Lth, calculu 



ments instituted at the Isle of France, Uiunn, and Mowi (Mawt); ao- 

" " uc- 

fffO*"' calculated 
from eleven stations. On the other liand, Mathieu (Connaits, de» SVmps, 
1816, p. 330) fixed the amount at ^V^d, from obser\'ations made be- 
tween Formentera and Dunkirk ; anu Biot, at n^th, from observations 
between Formentera and the island of Unst. Compare Baily, Report 
on Pendulum ExperimetUe^ in the Memoir* of the Royal Astronomical 
Society, vol. vii., p. 96 ; also Borcnius, in the Bulletin de VAcad. de St. 
Piterslnmrg, 18-13, t. i., p. 2.'>. The first proposal to apply the length of 
the iieudulum as a standard of measure, aim to establish the thiru part 
of the seconds pendulum (then supposed to be every where of equal 
length) as a pes horarius, or general measure, that might be recovered 
at any ago and by all nations, is to bo found in IInygons*s Horologium 
Oseillatoriumf 1673, I'rop. 25. A similar wish was afterward publicly 
expressed, in 1742, on a monument erected at the equator by Bouguer, 
I«a Oondamino, and (i«Hlin. On the beautiful marble tablet which ex- 
ists, as yet uninjured, in the old Jesuits' College ut Quito, I have myself 
road the inscription, Penduli simplieis oBquinoctialiM unius minuti ucundk 



PIOURE OP THB EARTH. 167 

Galileo, who first obeenred when a boy (haying, probably, 
■ufiered hie thoughts to wander from tho service) that the 
height of the vaulted roof of a church might be measured by 
the time of the vibration of the chandeliers suspended at dif- 
ferent altitudes, could hardly have anticipated that the pendu- 
lum would one day be carried from pole to pole, in order to 
determine the form of the Earth, or, rather, that tho unequal 
density of the strata of the Earth aflqcts the length of the sec- 
onds pendulum by means of intricate forces of local attraction, 
which are, however, almost regular in large tracts of land. 
These geognoetic relations of an instrument intended for the 
measurement of time — this property of the pendulum, by 
which, like a sounding line, it searches unknown depths, and 
reveals in volcanic islands,* or in the declivity of elevated con- 
tinental mountain chains,! dense masses of basalt and mela- 

areheifput, mentunB naiuralit exemplar, Mtimam Hnivenali* I From an 
obtervation made by La Coodamine, in hit Jowmal du Voyage <l TJEoiun 
Umr, 1751, p. 163, regardtng parU of the intcription that were not filled 
op, and a ilight diflTerence between Doagner and himself retpocting the 
nnmbera, I was led to expect that I should find considerable discrepan* 
eies between the marble tablet and the inscription as it had been de- 
scribed in Paris; but, after a careful comparison, I merely found two 
perfectly unimportant diflTereuces: "ex arcu graduum 3|" instead of 
"ex arcu graduum plusquem trium," and the date of 1745 instead of 
1742. The Utter circumstance is sinsular, because La Condamine re=> 
tamed to Europe in November, 1744, Bouguer in June of the same year, 
and Oodin had loft South America in July, 1744. Tho most necessary 
and useful amendment to the nuuibors on this inscriiitioii would have 
been the astronomical longitude of Quito. (Humboldt, Recueil d^Oh^ 
s«rv. Aeiron,, U u,,v. 319-354.) Nouet's latitudes, engraved on Bgyp- 
tiao monuments, ofler a more recent example of tho uaiigor pretontod 
by the grave perpetuation of false or careless results. 

* Bespectinc the augmented intensity of the attraction of gravitation 
in volcanic islands (St. Helena, Ualan, Fernando de Noronba, Isle of 
France, Guam, Mowi, and Galapagos), Rawak (Liitke, p. 340) being 
•n exception, |>robably in consequence of its proximity to the high 
land of New Guinea, see Mathien, m Delambre, HiM. de VAHnmomie, an 
I8«M £:•<«£«, p. 701. 

t Namerous observations also show great irregularities in the length 
of the pendulum in the midst of continents, and which are ascribed to 
local attrnctwns. (Delnmbro, Mesnre de la Miridienme, t iii., p. 548; 
Diet, in tlie Af^si. de tAeadinUe dee Seiemtee, t. viii., 1829, p. 18 and 
93.) In passing over the South of France and Lombardy from west to 
aaaC, we and the minimum intensity of gravitation at Bordeaux ; from 
theooe it increases rapidly as we advance eastward, through Figeac, 
OUrmootpFerrand, Milan, and Padua ; and in the last town we find that 
the intensity has attained its maximum. The influence of tlie southern 
declivities of tlie Alps is not merely dependent on the general size of 
their mass, but (much more), in the opinion of Elie de Beaumont {Reek, 
wmr Ue RHol. de la Surface dm Globe, 1830, p. 729^, on the rocks of 
melapbyre and serpentme, wl 'ch have elevated the chain. Ou the 



168 OOBMOB. 

phyre instead of cavities, render u difficnlt, notwithstanding 
the admirable siinpHcity of the method, to arrive at any great 
result regarding tho figure of the Earth from observation of 
the oscillations of the pendulum. In the astronomical part of 
the determination of degrees of latitude, mountain chains, or 
the denser strata of the Earth, likewise exercise, although in a 
less degree, an unfavorable influence on the measurement. 

As the form of tho IJ^rth exerts a powerful influence on tho 
motions of other cosmical bodies, and especially on that of its 
own neighboring satellite, a more perfect knowledge of tho mo- 
tion of the la tier will enable us reciprocally to draw an infer- 
ence regardhig the figure of the Earth. Thus, as Laplace ably 
remarks,* "An astronomer, without leaving his ol^ervatory, 
may, by a comparison of lunar theory with true observations, 
not only be enabled to determine the form and size of the 
Earth, but also its distance from the Sun and Moon — residts 
that otherwise could only be arrived at by long and arduous 
expeditions to the most remote parts of both hemispheres." 

declivity of Ararat, which with Oaacasus may be said to lie in the cen- 
ter of gravity of the old continent formed by Europe, Aaia, and Afnca, 
the very exact pendulum experiments of F^orow give indicationa, not 
of subterranean cavities, but of dense volcanic masses. (Parrot, Reite 
snm Ararat, bd. ii., s. 143.) In the geodesic operations of Carlini and 
Plana, in Lombardy, differences rungmg from 20^' to 47"'8 have been 
found between direct observations of latitude and the results of those 
operations. (See tho instances of Audrato and Mondovi, and those of 
Milan and Padua, in tho Opiralians Qeodes. tt Atlrou. pour la Meturt 
dW% Are du ParaUiU Afofen, t. il., p. 347 ; E^emeridi A$tron. di Mi- 
loMO, 1842, p. 57.} The latitude of Milan, deduced from that of Berne, 
according to tho French triaugulatiou, is 45^ 27' 52'', whilo, acconling 
to direct astronomical obsorvatiout, it is 45^ 27' 35". As tho iwrturbu- 
tiuus extend in tho plain of Lombardy to Parma, which is for south of 
the Po (Plana, Opiral, Oeod., t ii., p. 847), it is probable that there are 
deflecting causes eonceaUd beneath ike »oil of the plain itself. Struve 
has made similar experiments [ with corresponding results] in the most 
level parts of eastern Europe. (Schumacher, Astron. Nachriehten, 1830, 
No. 164, s. 399.) Regarding the influence of dense masses supposed to 
lie at a small depth, equal to the mean height of the Alps, see the ana- 
lytical exprussious given by Hossard and Rozet, in the Cotnptet Rendue, 
C xviii., 1844, n. 292, and compare them with Poisson, TraitS de Mi 
Sonique (2me 6d.), t. i., p. 482. The earliest observations on the in 
flueuce which ditferent kinds of rocks exercise on the vibration of the 
pendulum ore those of Thomas Young, in the Philoe, TrcuuacHone for 
i819, p. 70-96. In drawing conclusions regarding the Barth's curva- 
ture from the length of the pendulum, we ought not to overlook the 
possibility that its qrust may have undergone a process of hardening 
prtviously to metallic and dense basaltic masses having penetrated froo 
gnat depths, thnmgh o|)oa clefts, and approached near the sorfiice. 
* Laplace, Expos, du Sysi, du Monde, p. 231. 
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The oompresnon which may be inferred finom lunar inequali* 
ties aflbros an advantage not yielded by individual measure- 
menta of degrees or experiments with the pendulum, since it 
gves a mean amount which is referable to the whole planet. 
The comparison of the Earth's compression with the velocity 
of rotation shows, further, the increase of density from the 
strata from the surface toward the center — an increase which 
a comparison of the ratios of the axes of Jupiter and Saturn 
with their times of rotation likewise shows to exist in these 
two large planets. Thus the knowledge of the external form 
of planetary bodies leads us to draw conclusions regarding their 
internal character. 

The northern and southern hemispheres appear to present 
nearly the same curvature under equsi degrees of latitude, but, 
as has already been observed, pendulum experiments and 
measurements of degrees yield such diileront results for indi- 
vidual portions of the Earth's surface that no regular figure 
can be given which would reconcile all the results hitherto 
obtained hy this method. The true figure of the Earth is to 
a regular figure as the uneven surfaces of water in motion are 
to the even surface of water at rest. 

When the Earth had been measured, it still had to be 
weighed. The oscillations of the pendulum* and the plum- 
met have here likewise served to determine the mean density 
of the Earth, cither in connection with astronomical and geo- 
detic operations, with the view of finding the deflection of the 
tdummet from a vertical line in the vicinity of a mountain, or 
by a comparison of the length of the pendulum in a plain and 
on the summit of an elevation, or, finally, by the employment 
of a torsion balance, which may be considered as a horizon- 
tally vibrating pendulum for the measurement of the relative 
density of neighboring strata. Of these three methodst the 

* La Caille'fl pendulom rocmniroinonts at the Cape of Good Hope, 
which have been calculated with mocb care by Mathiea (Delatnbre, 
liiti, it VAttron. an \%me Siiclit P. 479), giro a oomprotiion ory|\.Ytb ; 
but, Droin MTeral oompariaont or obaenrationt made in eqnal latitadei 
B the two hemispberea (New Holland and the Malouinea (Falkland 
libiidt). oompareu wKh Barcelona, New York, and Dunkirk), UiorS it 
■a yet no reaaon (or aoppoting that the mean compraMion of the touth* 
ernbemitphere it greater than that of the northern. (Biol, in the if te. 
d4 CAemd. det ScUnett, t. viii.. 1820, p. 30-^1.} 

t The three roeiboda of obaenration give the lollowiag reanlta: (1.) by 
the deflection of the pliirob-line in Uio proxireity of the BhehaUiea 
Mountain (Oaolio, Thtcliallin) in PoillMlMre, 4713, as determined by 
MaakelTne, llutton, and Playlair (1774-1776 and 1810), according to a 
methocl that had been pcopoaed by Newton; (8.) by pendolom Tibcm 
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last 18 the most certain, since it is independent of the difficult 
determination of the density of the mineral masses of which 
the spherical segment of the mountain consists near which the 
ohservations are made. According to the most recent experi- 
ments of Reich, the result obtained is 5*44 ; that is to say, the 
mean density of the whole Earth is 5*44 times greater than 
that of pure water. As, according to the nature of the min- 
eralogical strata constituting the dry continental part of the 
Earth's surface, the mean density of this portion scarcely 
amounts to 2*7, and the density of the dry and liquid surface 
conjointly to scarcely 1*6, it follows that the elliptical- un- 
equally compressed layers of the interior must greatly increase 
m density toward the center, either through pressure or owing 
to the heterogeneous nature of the substances. Here again 
we see that the vertical, as well as the horizontally vibrating 
pendulum, may justly be termed a geognostical instrument. 

The results ootained by the employment of an instrument 
of this kind have led celebrated physicists, according to the 
diflbronce of the hypothesis from which they started, to adopt 

tkma on moontaiiiB, 4*837 (Carlim's observationB ou Mount Cenis com 
pared with Biot's obaervation« at Bordeaux, Effemer. AUron. di Milano, 
1824, p. 184); (3.^ by the tonion bahince used by Cavendiih,with an 
apparatuB originally deyised by Mitchell, 5*48 (according to Hutton's 
reviaion of the ciUculation, 5*32, and according to tliat of Bdoard 
Schmidt, 5*52; Lehrbueh der Malh. Oeographiet bd. i., b. 487); by the 
torsion balance, according to Reich, 5*44. In the calculation of these 
experiments of Professor Reich, which have been made with masterly 
accuracy, Uie original mean result was 5*43 (witli a probable error of 
only 0*0233), a result which, beiM^ increased by the quantity by which 
the Barth*s contrifugul force diminishes the force of gruvlty for the lati- 
tude of Frolborg ^50^ 55'), booomus chuugod to 5*44. The employ- 
ment of cast iron uistead of lead^ has not prosentod any sensible dilfuiw 
euce, or none exceeding the limits of errors of observation, hence dis- 
closing no traces of magnetic influences. ( Reich, Vertueht ^er die milU 
Ur§ DickiightUderJSrde, 1838, s. CO, 62, and 60.) By the assumption 
of too slight a degree of ellipticity of the Earth, and by the uncertainty 
of the estimations regarding the density of rocks ou its surface, the 
meau density of the Earth, as deduced from experiments on and near 
mountains, was found about one sixth smaller than it really is, name- 
ly, 4*761 (Laplace, Mican. CiUite, C v., p. 46), or 4*785. (Ednard 
Schmidt, Lekrb. der Math, Oeogr., bd. i., $ 387 nod 418.) On Ualle/s 
hyijothesis of the Barth beins a hollow sphere (noticea in pase 171), 
which was the germ of FranKlin's ideas concerning earthquakes, see 
PkUo», Tram, for the year 1693, vol. xvii., p. 563 {On the Structure of 
the Internal Parte of the Earth, and the concave habited Arch of the 
Shell), Halley regarded it as more worthy of the Creator ** that the 
Earth, like a house of several stories, should be inhabited both witlioiit 
and within. For light in the hollow sphere (p. 576) provision might is 
manner be contrived." 
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entirely opposite Tiews regarding the nature of the interior of 
the globe. It has been computed at what depths liouid of 
eren gaseous substances would, from the pressure of their 
own superimposed strata, attain a density exceeding that of 
platinum or eren iridium ; and in order that the compression 
which has been determined within such narrow limits migh^ 
be brought into harmony with the assumption of simple and 
infinitely compressible matter, Leslie has ingeniously conceived 
the nucleus of the world to be a hollow sphere, filled with an 
assumed " imponderable matter, hayinff an enormous force of 
expansion." These venturesome ana arbitrary conjectures 
have given rise, in wholly unscientific circles, to still more 
(antastio notions. The hollow sphere has by degrees been 
peopled with plants and animals, and two smaJl subterranean 
revolving planets — Pluto and Prosorpitio — were imaginatively 
supposed to shod over it their mild light ; as, however, it was 
further imagined that an ever-uniform temperature reigned in 
these internal regions, the air, which was made self-luminous 
by compression, might well render the planets of this lower 
world unnecessary. Near the north pole, at 82^ latitude, 
whence the polar light emanates, was an enormous opening, 
through which a descent might be made into the hollow 
sphere, and Sir Humphrey Davy and myself were even pub- 
licly and frequently invited by Captain Synunes to enter upon 
this subterranean expedition : so powerful is the morbid in- 
olination of men to fill unknown spaces with shapes of won- 
der, totally unmindful of the counter evidence furnished by 
well-attested facts and universally acknowledged natural laws. 
Even the celebrated Halley, at the end of the seventeenth 
century, hollowed out the Earth in his magnetic speculations 
Mon were invited to believe that a subterranean freely-ro 
tating nucleus occasions by its position the diurnal and an 
nual change<of magnetic declination. It has thus been at 
tempted in our own day, with tedious solemnity, to clothe in 
a scientific garb the quaintly-do vised fiction of the humorous 
liulborg.* 

* [The wurk referred to, one of tbe wittiest i«ediietioiifl (if the learned 
Norwegian eetimt and dramatMt Holberg, wm written in Latin, and 
int appeared under tbe following title : NieoUd Klimii iltr tmbUrrm-' 
mmm nopam t4iivris tktoriam oe hitiariam ^nim wtonarekim mdkue «•• 
Mt im€OgwUm exkibtmi « Hblioiktea b. Ahelini. Hmfnim §t LAftim tnwL 
Jm€. Preugg, 1741. An admirable Danish translation of this learned 
bnt tore re sal ire on the institutions, morals, and maaiiers of tbe inhab* 
itauts of the npiwr Earth, appeared at Of»penhagen in 1789, and was 
eotitled Nieit Klim't wUgrjordUU ttif wd Udmg Holhtrg, 
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The figure of the Earth and the amount of solidification 
(density) which it has acquired are intimately connected with 
the forces by which it is animated, in so far, at least, as they 
have been excited or awakened from without, through its 
planetary position with reference to a luminous central body. 
Compression, when considered as a consequence of centrifugal 
force acting on a rotating mass, explains the earlier condition 
of fluidity of our planet. During the solidification of this 
fluid, which is commonly conjectured to have been gaseous 
and primordially heated to a very high temperature, an enor- 
mous quantity of latent heat must have been liberated. If 
the process of solidification began, as Fourier conjectures, by 
radiation from the cooling surface exposed to the atmosphere, 
the particles near the center would have continued fluid and 
hot. As, after long emanation of heat from the center toward 
the exterior, a stable condition of the temperature of the 
Earth would at length bo established, it has been assumed 
that with increasing depth the subterranean heat likewise 
uninterruptedly increases. The heat of the water which 
(lows from deep borings (Artesian wells), direct experiments 
regarding the temperature of rocks in mines, but, above all, 
the volcanic activity of the Earth, shown by the flow of molt- 
en masses from open Assures, afford unquestionable evidence 
of this increase for very considerable depths from the upper 
strata. According to conclusions based certainly upon mere 
analogies, this increase is probably much greater toward the 
center. 

That which has been learned by an ingenious analytic cal- 
culation, expressly perfected for this class of investigations,* 

tfitr den Latimke original aj Jen* Baggeeen, Ilolberg, who studied 
for a time at Oxford, was bom at Bergen in 1685, and died in 1754 as 
Rector of the University of Copenhagen.] — Tr. 

* Here we must notice the admirable analytical labors of Fourier, 
Diol. I«aplace, Foisson, Duhamel, and Lam6. In his T%iorie Maihima' 
tique de la Chaleur, 1835, p. 3. 428-430, 436. and 521-524 (see, also, 
Dc la Rive's abstract in the Bibliolheque Univereelle de QeneveY Pois* 
sou bos developed an hypothesis totally different from Fouriers view 
(Theorie Analylique de la Chaleur,) He denies the present fluid state 
of the Curth's center ; ho believes that *' in cooling by radiutitm to the 
medium surrounding the E^th. the parts which were first solidified 
sunk, and that by a aouble descending and ascending current, the great 
inequality was lessened which would liave taken place in a solid body 
cooling from the surfiice." It seems more probable to this great ge- 
ometer that the solidification began in the parts lying nearent to tlie 
center : " the phenomenon of the incroiuu of heat with the dopth does 
not uztond to tlie whole moss <if the Earth, and is merely a cunsoqueuce 
of the motion of our planet ury sybtoin in space , of which some parts 
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regaiding the motion of heat in homogeneous metallic tph^ 
roidt, must ho applied with much caution to the actual char- 
acter of our planet, considering our present imperfect knowl* 
edge of the substances of which the Earth is composed, the 
dillcrcnee in the capacity of heat and in the conductmg power 
of diflcrcnt superimposed masses, and the chemical changes 
experienced by solid and liquid masses from any enormous 
compression. It is with the greatest difficulty that our pow- 
ers of comprehension can conceive the boundary line which di- 
vides the duid mass of the interior from the hardened mineral 
masses of the external surface, or the gradual increase of the 
solid strata, and the condition of semi-fluidity of the earthy 
substances, these being conditions to which known laws of 
hydraulics can only apply under considerable modifications. 
The Sun and Moon, which cause the sea to ebb and flow, 
most probably also aflect these subterranean depths. We 
may suppose that the periodic elevations and depressions of 
the molten mass under the already solidified strata must have 
caused inequalities in the vaulted surface from the force of 
pressure. The amount and action of such oscillations must, 
however, be small ; and if the relative position of the attract- 
ing coeroical bodies may here also excite " spring tides,'* it is 
certainly not to these, but to more powerful internal forces, 
that wo must ascribe the movements that shake the Earth*B 
surface. There are grou|)s of phenomena to whoso existence 
it is necessary to draw attention, in order to indicate the 
universality of the iiiduonco of the attraction of the Sun and 
Moon on the external and internal conditions of the Earth, 
however little we may be able to determine the quantity of 
this influence. 

According to tolerably accordant experiments in Artesian 
wells, it ha> been shown that the heat increases on an average 
about 1° foi every 64*6 feet. If this increase can be reduced 

are of a very diflcreiit tomperatnre from others, in coniequence of stel- 
lar heat (chalear ttellaireV*' Ttiut, according to PoiMim, the warmth 
of the water of oar Artesian welb is merel v tuat which has penetrated 
into the Harth from without ; and the Earth itself " might be regarded 
as in the same circumstances as a mass of rock conveyed from the 
eqoa*or to the pole in so short a time as not to have entirely cooled. 
Toe .ncresse ol temperature in such a block would not eatend to the 
central strata." The physical doubts which have reasonably been 
entertained agniiist this cxtmordiuary cosmical view (which atuibolea 
to the rogtoiis of s(mco that which prulNiblv is more uenendent on the 
first transition of matter condensing from the gaseo-Auiu into tl>e solid 
slate) will be found collected in Poggendorf *s Annakm^ bd. axxix^ s 
93-100. 
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to arithmetioal relations, it will follow, as I have already ob« 
served,* that a stratum ofgrauito would ho in a state of fusion 
at a depth of nearly twenty-one geographical miles, or between 
four and five times the elevation of the highest summit of the 
Himalaya. 

We must distinguish in our globe three diflerent modes for 
the transmission of heat. The first is periodic, and aflects 
the temperature of the terrestrial strata according as the heat 
penetrates from above downward or from below upward, being 
influenced by the different positions of the Sun and the sea- 
sons of the year. The second is hkewise an effect of the Sun, 
although extremely slow : a portion of the heat that has pene- 
trated into the equatorial regions moves in the interior of the 
globe toward the poles, where it escapes into the atmosphere 
and the remoter regions of space. The third mode of trans- 
mission is the slowest of all, and is derived from the secular 
cooling of the globe, and from the small portion of the primi- 
tive heat which is still being disengaged from the surface. 

* See tbe Introduction. This increase of temperature has been found 
in the Puits de GrenoUe, at Paris, at 58*3 feet ; in the boring at the new 
saltworks at Mindon, almost 53*6 ; at Pregny, near Geneva, according 
to Auguste de la Rive and Murcet, notwithstanding that the moutli of 
the boring is 1609 feet above the level of tbe sea, it is also 53*6 foet. 
This coincidence between the results of a method first proposed by 
Anigo in the year 1821 {Annuaire du Bureau de* Longiluiiett 1835, p. 
234), for three dilFerout iiiiuos, of the absolute depths of 1794, 2231, 
and 725 feut i-espuclivoly, is remarkable. The two |M>ints on the Earth, 
lying at a small vortical distance from each other, whose annual mean 
temperatures are most accurately known, are pnilmbly at the s[N)t on 
wliicli the Paris Observatory stands, and the Oaves do PObsorvutoiro 
beneath it: the mean tumi»eraturo of the former is 51^*5, and of the 
latter 53^*3, the ditlerence being P*8 for 92 feet, or 1^ for 51*77 feet 
(PoisBon, TfUorie Math, de la ChaleuVf p. 415 and 462.) In the course 
of the last seventeen years, from causes not yet perfectly understood, 
but probably not connected with the actual temperature of the caves, 
the Uiermometer standing there has risen very nearly 0^*4. Although 
in Artesian wells there are sometimes slight errors from the lateral 
permeation of water, these errors are less mjurious to the accuracy of 
conclusions than those resulting from currents of cold air, which are 
almost always present iu niines. The eeueral result of Reich's great 
work on the temperature of the mines in the Saxony mining districts 
^ves a somewhat slower increase of the terrestrial heat, or 1° to 76-3 
feet. (Reich, Beob. fiber die Temveratur dee Oeeteine in versehieden en 
THefen, 1834, s. 134.) Phillips, however, found (Pogg., AnnaleUf bd. 
xxxiv., s. 191), in a shaft of the coal-mine of Monk-wearmouth, near 
Newcastle, in which, us I have already remarked, excavations are going 
on at a depth of about 15U0 foot buhiw the lovol of thu sua, an iucroase 
of 1^ to 59*06 feut, a result almost identical with tliat found by Arago 
in the Puifa de Grenell. 
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This loH ozperienoed by tho oontral boat mutt baTo been ymj 
eonnderablo in tho oarliett epochs of tho Earth's roTolatkms, 
but within historical periods it has hardly been appreotabis 
by our iustraments. The surface of the Earth is therefoio 
situated between the glowing heat of the inferior strata and 
the universal regions of space, whoso temperature is probably 
below the freezing-point of mercury. 

The periodic changes of temperature which have been 
occasioned on the Earth's surface by the Sun's position and 
by meteorological processes, are continued in its interior, 
although to a very mconsiderable depth. The slow conduct- 
ing power of the ground diminishes this loss of heat in the 
winter, and is very favorable to deep-rooted trees. Points 
that lie at very diflerent depths on the same vertical line 
attain the maximum and minimum of the imparted tempera- 
ture at very diflerent periods of time. The further they are 
removed from the surface, the smaller is this diHerence b^ 
tween the extremes. In the latitudes of our temperate zone 
(between 48^ and 629), the stratum of invariable temperature 
is at a depth of from 59 to G4 feet, and at half that depth 
the oscillations of tho thermometer, from the influence of tho 
seasons, scarcely amount to half a degree. In tropical cli- 
mates this invariable stratum is only one foot below the 
surface, and this fact has been ingeniously made use of by 
Boussingault to obtain a oonvoniont, and, as ho believes, cer- 
tain determination of tho moan temperature of tho air of 
diflerent places.* This mean temperature of the air at a 
fixed point, or at a group of contiguous points on the surface, 
is to a certain degree the fundamental element of the climate 
and agricultural relations of a district ; but the mean tem- 
perature of the whole surface is very diflerent from that of 
the globe itself. The questions so ofVen agitated, whether the 
mean temperature has experienced any considerable diflerenccs 
in the course of centuries, whether the climate of a country 
has deteriorated, and whether the winters have not become 
milder and tho summers cooler, can only be answered by 
means of the thermometer ; this instrument has, however, 
scarcely been invented more than two centuries and a half^ 
and its scientific application hardly dates back 120 years. 
The nature and novelty of the means interpose, therefore, very 
narrow limits to our investigation regarding the temperature 

* P o— I ngmlt, 8mr la Profonitnr k Is^tlU m Itmm Im C^ucht 1$ 
T f^ ^ r^nrt inmtrimble enirt If Trpwifum^ in the AfmwUm dt Chimm 
•/ d9 Pk^nqmt, t. Uti., 1833, p. 8a5-ft47. 
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of the air. It is quite otherwise, however, with the solution 
of the great prohlem of the internal heat of the whole Earth. 
As we may judge of uniformity of temperature fipom the unal- 
tered time of vibration of a pendulum, so we may also leanii 
ilrom the unaltered rotatory velocity of the Earth, the amount 
of stability in the mean temperature of our globe. This 
insight into the relations between the length of the day and 
the li^at of the Earth is the result of one of the most brilliant 
applications of the knowledge we had long possessed of the 
movement of the heavens to the thermic condition of our 
planet. The rotatory velocity of the Earth depends on its 
volume ; and since, by the gradual cooling of the mass by 
radiation, the axis of rotation would become shorter, the rota- 
tory velocity would necessarily increase, and the length of the 
day diminish, with a decrease of the temperature. From the 
comparison of the secular inequalities in the motions of the 
Moon with the eclipses observed in ancient times, it follows 
that, since the time of Hipparchus, that is, for full 2000 
years, the length of the day has certainly not diminished by 
the hundredth part of a second. The decrease of the mean 
heat of the globe during a period of 2000 years has not, there- 
fore, taking the extremest Umits, diminished as much as tH^^ 
of a degree of Fahrenheit.* 

This invariability of form presupposes also a great invaria- 
bility in the distribution of relations of density in the interior 
of the globe. The translatory movements, which occasion 
the eruptions of our present volcanoes and of ferruginous lava, 
and the filling up of previously empty fissures and cavities 
with dense masses of stone, are consequently only to bo re- 
garded as slight superiioial phenomena aflecting merely one 
portion of the Earth's crust, which, from their smallness 
when compared to the Earth's radius, become wholly insig- 
nificant. 

I have described the internal heat of our planet, both with 
reference to its cause and distribution, almost solely from the 
results of Fourier's admirable investigations. Poisson doubts 
the fact of tho uninterrupted increase of the Earth's heat 

* Laplace, Exp. du SyU, du Monde, p. 229 and 263 ; Mieani^ 
C4ls§te, t. v., p. 18 and 72. It should be remarked that the fracUon 

S*rf th of a degree of Fahrenheit of the mercarial thermometer, given in 
e text as the limit of the stability of the Earth's temperature sin04 
tlie days of Hipparchus, rests on the assumption tliat the dilatation of 
•tho substances ol which tho Earth is composed is equal to that of giasfli, 
that is to say, yf .^i^gth for t^. Regarding this hypothesis, see Arapi 
in the Annuair§ for 1834, p. 177-190. 
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from the lurface to the center, and is of opinion that all heat 
has penetrated from without inward, and that the tempera* 
ture of the glohe depends upon the very high or very low 
temperature of the regions of space through which the solar 
system has moved. This hypothesis, imagined hy one of the 
most acute mathematicians of our time, has not satisfied phys- 
icists or geologists, or scarcely, indeed, any one besides its au* 
thor. But, whatever may be the cause of the internal heat 
of our planet, and of its limited or unlimited increase in deep 
strata, it leads us, in this general sketch of nature, through 
the intimate connection of all primitive phenomena of matter, 
and through the common bond by which molecular forces are 
united, into the mysterious domain of magnetism. Changes 
of temperature call forth magnetic and electric currents. Ter- 
restrial magnetism, whose main character, expressed in the 
throe-fold manifestation of its forces, is incessant periodio va- 
riability, is ascribed either to the heated mass of the Earth 
itself,* or to those galvanic currents which we coiisider as 
electricity in motion, that is, electricity moving in a dosed 
circuit, t 

The mysterious course of the magnetic needle is equally 
aflected by time and space, by the sun's course, and by changes 
of place on the Earth's surface. Between the tropics, the 
hour of the day may be known by the direction of the needle 
as well as by the oscillations of the barometer. It is aflbctod 
instantly, but only transiently, by the distant northern light 
as it shoots from the pole, flashing in beams of colorod light 
across the heavens. When the uniform horary motion of the 
needle is disturbed by a magnetic storm, the perturbation 
manifests itself simultaneously, in the strictest sense of the 
word, over hundreds and thousands of miles of sea and land, 
or propagates itself by degrees, in short intervals of time, in 

* WiUitm Oilbort, of Oolcbetter, whom Galileo pronoanced "jpvat 
•o a degree tlmt mi^ht be envied,** anid " magnut mnf not ipae est gUibtis 
tarreatrit.** lie ridiculoa the magnetio mountaiua of V raacaUiri, the great 
ootomporary of Coluinbtm, at bein^ magnetic polca: *' rejicieoda eat 
volgana opmio de tnontiboa macneticia, aat rape aliqiia magnotica, aat 
polo phantaatico a polo mandi Jiatante." He aaaamea the declination 
of the magnetic noNMlle at any given point on tlie surface of the Earth 
to be invariable (variatio uniuact^osque loci constant est), and refora 
the enrvatures of^ the itogonic lines to the confignration of cootinenta 
and the relative positions uf sea basins, which possess a weaker mac- 
netio force than the snliJ masses rising above tne ocean. (Qilbeit,M 
MmgnfU, ed. 1633. p. 42. 98, 152, and 155.) 

t Oauss, AUgtwmm Tk^orit dea Erdmtarn4ti$mtu, in the R§§mUmt§ mmt 
im B99h. dm MmgnM. Ksrsias, 1838, s. 41, p. M. 

H 2 
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every direction over the Earth's surface.*' In the former ease, 
the simultaneous manifestation of the storm may serve, with- 
in certain limitations, like Jupiter's satellites, fire-signab, and 
well-observed falls of shooting stars, for the geographical 
determination of degrees of longitude. We here recognize 
with astonishment that the perturbations of two small mag- 
netic needles, even if suspended at great depths below the 
surface, can measure the distances apart at which they are 
placed, teaching us, for instance, how far Kasan is situated 
cast of Gottingon or of the banks of the Sohio. There are 
also districts in the earth where the mariner, who has been 
enveloped for many days in mist, without seeing either the 
sun or stars, and deprived of all means of determining the 
time, may know with certainty, from the variations in the 
inclination of the magnetic needle, whether he is at the north 
or the south of the port he is desirous of entering.! 

* Tliore arc aUo perturbationt which are of a local character, and 
do not extend thomaolvei fur, and are probably Iom deep-seated. Some 
Yuara ago I diMcrilMxl u rare instance of tills kind, iu wliicli an exlruor- 
diunry dislurbuiico was fult iu the minus at Freiberg, but was not per- 
ceptible at fierliu. {Ldtre deM.de Humboldt h Son Alteeee Royaie le 
Due de Sussex gur lee moyene propres a perfeetionner la ConnaUsanee 
iu MagnSlieme Terrettre, iu Decquerel's TraitS Experimental de VEleC' 
irieitS, t. vii., p. 442.) Ma^uetic storms, which were simultaneously 
'elt frum Sicily to Uptala, did not extend from Upsala to Alten. (Gauss 
aud Weber, Retultate de* Magnet. Vereins, 1839, § 128; Lloyd, in the 
Comptee Rendu* de CAcad. det SeieneeSt t. xiii., 1843, S6m. ii., p. 725 
and 827.) Among the numerous examples that have been recently 
observed, of perturbations occurring simultaneously and extending over 
wide portions of the Earth's surface, and which are collected in Sabine's 
importaut work {Obterv. on Days oj unusual Magnetic Disturbance, 
1843), (mo of the most remarkable is that of the 25th of September, 
1841, which was observed at Toronto in Canada, at the Cape of Good 
Hope, at Prague, and partially in Van Diemen's Land. The English 
Sunday, on wuicli it is deemed sinful, after midnight on Saturday, to 
register an observation, and to follow out the great phenomena of crea- 
tk>u in thni** perfect development, interrupted the observatious in Van 
Diemen's Lund, where, in conaequence ot the difference of the longi* 
tudo, the magnetic storm full on the Sunday. (Observ., p. xiv., 78, &, 
and 87.) 

t I liave described, in Lam6therie's Journal de Physique, 1804, t. 
lix., p. 440, the aiipiication (alluded to in tlie text) of the ma^nutic hi- 
cltoation to the dulermi nation of latitude along a coast runnmg north 
and south, and which, like that of Chili and Peru, is for a part of tho 
year enveloped in mist (garua). In the locality I have just mentioned, 
this application is of the creator impoitanco, because, m consequence 
of the strong current running northwurd as fur as to Cape Pareiia, iiavi* 
gators incur a grout Iosh of tiinu if tliuy iipproiich llio coast to the north 
of the liavun they are soekinc. In the South Sea, from Oallao de Lima 
harbor to Troxillo, which diler from each other in latitude by 3^ 57' 
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When the needle, by its fudden disturbance in its horary 
eonrse, indicates the presence of a magnetic storm, we are 
still unfortunately ignorant whether the seat of the disturbing 
cause is to be sought in the Earth itself or in the upper re- 
gions of the atmosphere. If we regard the Earth as a true 
magnet, we are obliged, aooording to the views entertained 
by Friedrich Gauss (the acute propounder of a general theory 
of terrestrial magnetism), to asonbe to every portion of the 
globe measuring one eighth of a onbio motor (or 3<|^ths of a 
French cubic foot) in Yolumo, an average amount of magnet- 
ism equal to that contained in a magnetic rod of 1 lb. weight.* 
If iron and nickel, and probably, also, cobalt (but not chrome, 
as has long been bolieYed),t are the only substances which 
become permanently magnetic, and retain polarity from a 
certain coercive force, the phenomena of Arago's magnetism 
of rotation and of Faraday's induced currents show, on the 
other hand, that all telluric substances may possibly be made 
transitorily magnetic. According to the experiments of the 

I hare obaenred a Tariation of the magnetio inclination amounting to 
90 (centesimal diTition) ; and from Callao to Ooayaqoil, which difler in 
latitude hy 9^ SO', a rariation of 830*5. (See my Rtlat, Hitt., t iU., 
p. 622.) At Ooarmey (10^ 4' loiith kt), Hoanra (IP 3' south lat). 
and Chancay (IP 32' south Ut), the inclinations are 6^-80, 90, and 
100*35 of the centesimal division. The determination of position by 
means of the magnetic inclination has this remarkable feature connected 
with it, that where the ship's course cuts the isoclinal line almost per- 
pendicularlT, it is the only one tlmt is independent of all determinalion 
of time, anu, consequently, of obserrations of the son or stars. It is 
only latolr tliat I discorored, lor the first time, that as early as at the 
close of tno sixteenth century, and oonsoanootly hardly twenW years 
aftor Rubort Norman bad inrontod tho inciinatoriom, William Gilbert, 
in his great work De MagneU, proposed to determine the latitude by 
the iocunation of the magnetic needle. Gilbert (Phptiologia No9a d§ 
MmmneU, lib. t., cap. 8, p. 200) commends the method as applicable 
"aere cali^noso.** Edward Wright, in the introduction which he 
added to his master's Rreat work, describes this proposal as " worth 
much gold." As he fell into the same error with Gilbert, of presum 
in|[ that tlie isoclinal linos coincided with the geographical Parallel 
circles, and that the magnetic and geographical enuatore wore identio* 
at, he did not perceive Uiat the proposed method had only a local and 
▼ery limited application. 

* Gauss and Weber, RmtlUdi iM Marnd, Vsrsjas, 1838, f 31, s. 146. 

\ According to Faraday (London ami Edinbnrrk Pkiiotopkieal Mngth 
Mtno, 1836, Tol.'riii., p. 178), pore cobalt is totJlr devoid of maanetio 
power. I know, however, that other celebrated chemists (Hmnrich 
Base and WOhler^ do not admit this as absolutely certain. If out of 
two carefull j-ponfied masses of cobalt totally free from nickel, one ap- 
pears altoffether non-magnetic (in a state of equilibrium), I think It 
probable that the other owes its magnetic property to a want of parity t 
•arl this opinion coincides with Faraday's view. 
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tirst-mentioned of these great physicists, water, ioe, glass, and 
carbon aflect the vibrations of the needle entirely in the same 
manner as mercury in the rotation experiments.* Almost all 
substances show themselves to be, in a certain degree, mag- 
netic when they are conductors, that is to say, when a current 
of electricity is passing through them. 

Although the knowledge of the attracting power of native 
iron magnets or loadstones appears to be of very ancient date 
among the nations of the West, there is strong historical evi- 
dence in proof of tlio striking fact that the knowledge of the 
directive power of a magnetic needle and of its rdation to 
terrestrial magnetism was peculiar to the Chinese, a people 
living in the extremest eastern portions of Asia. More than 
a thousand years before our era, in the obscure age of Codrus, 
and about the time of the return of the Heraclidse to the Pel- 
oponnesus, the Chinese had already magnetic carriages, on 
which the movable arm of the figure of a man continually 
pointed to the south, as a guide by which to find the way 
across the boundless grass plains of Tartary ; nay, even in the 
third century of our era, tlioroforo at least 700 years before 
the use of the mariner's compass in European seas, Chinese 
vessels navigated the Indian Oceanf under the direction of 
magnetic needles pointing to the south. I have shown, in 
another work, what advantages this moans of topographical di- 
rection, and the early knowledge and application of the mag- 
netic needle gave the Chinese geographers over the Greeks 
and Romans, to whom, for instance, even the true direction 
of the Apennines and Pyrenees always remained unknown.! 

The magnetic power of our globe is manifested on the ter- 
restrial surface in three classes of phenomena, one of which 
exhibits itself in the varying intensity of the force, and the 
two others in the varying direction of the inclination, and in 

* Arago, in the Annales de ChimU, t. xxxii., p. 214 ; Brewster, 7Vea<- 
ise on MagnelUm, 1837, p. HI; Daumgartner, in the Zeitiehri/t f&r 
Pkyt. vnd Mathem.f bd. h., t. 419. 

t Humboldt, Examen Critique de VHiit. de la Olographie, t. Hi., p. 36. 

t AHe CentraU, t. i., lutroduction, p. xzxviii.-xlii. The WoBtem 
nations, the Greeks and the Romans, knew that magnetism could be 
communicated to iron, on^ that that metal would retain it for a length of 
time. (" Sola huso materia ferri vires, a magneto lanide accipit, retinet' 
que longo temjwre." Plin., xxxiv., 14.) The great discovery of the ter- 
restrial directive force depended, therefore, uone on this, that no one 
in the West had happeneu to observe an elongated fragment of magnet* 
ic iron stone, or a magnetic iron rod, floating, by the aid of a piece of 
wood, in water, or sus^>euded in the air by a thread, in such a position 
as to odmit of free motion. 
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the horizontal deviation from the toirestrial meridian of the 
spot. Their combined action may therefore bo graphically * 
reprtsented by three systems of lines, the isodynamic, isodinic, 
and isogonic (or thoee of equal force, equal inclination, and 
equal declination). The distances apart, and the relative po- 
sitions of these moving, oscillating, and advancing curves, do 
not alwa3rs remain the same. The total deviation (variation 
or declination of the magnetic needle) has not at all changed, 
or, at any rate, not in any appreciable degree, during a whole 
oentury, at any particular point on the Earth's surface,* as, 
fi>r instance, the western part of the Antilles, or Spitzbergen. 
In like manner, we observe that the isogenic curves, when they 
pass in their secular motion from the surface of the sea to a 
continent or an island of considerable extent, continue for a long, 
time in the same position, and become inflected as they advance. 
These gradual changes in the forms assumed by the lines 
in their translatory motions, and which so unequally modify 
the amount of eastern and western declination, m the couno 
of time render it difficult to trace the transitions and analogies 
of forms in the graphic representations belonging to difierent 
centuries. Each branch of a curve has its history, but this 
history does not reach further back among the nations of the 
West than the memorable epoch of the 13th of September, 
1492, when the re^iscoverer of the Now World found a line 
of no variation 3^ west of the meridian of the island of Flores, 
one of the Azores.t The whole of Europe, excepting a small 

* A Tory tlow teealar promitkm, or a local inTariability of the mag* 
netic doclination, preronta the oonfuiioti which might ariae from torrea* 
trial inflaencea in the botindariea of land, when, with an utter diattgard 
for the correction of declination, eatatea are, alter long interrala, cieaa> 
ared by the mere application of the compaaa. *' The whole hmm of 
Weat Indian propertpr,*' Mja Sir John Herachel, " haa been MTod from 
the bottomlen pit ot endleaa litintion by the invariability of the mag- 
netic declination in Jamaica and the lurroanding Archipelago daring 
the whole of the laat century, all aunreya of property there having 
been conducted aolely by the compaat.'* See Robertson, in the Pkiic* 
9opkie^ 7ViniMe«oiu for 1806, I*art ii., p. 348, On the Permaneney of 
tk€ Compam in Mmaiea tinee 1600. In tlie moUior onnutry (Kn^land) 
the magnetic declination haa raried by fully 14^ during that penod. 

t I Mve eltewhoro shown that, from the documents which hare 
oome down to as regarding the royagca of Columbus, we can, with 
moch certainty, fix upon three places m tJU AUantie line of iia dMlnun 
Km for the 13th of ^ptember, 1499, the 21st of May, 1496, and the 
16th of August, 1498. The Atlantic line of no declination at that p^ 
Hod ran from northeast to southwest It then touched tlie £ooth 
AoMrican continent a little eaat of Capo Codera, while it ia now ob* 
aerred to reach that continent on the northern coast oC the Dpivila 
(Uamboldt, Enmtm CriUqm^ de VHiat. da la Oiogr., t. iiL, p. 44- 4» ) 
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part of Russia, has now a western declination, while at the 
dose of the seventeenth century the needle first pointed duo 
north, in London in 1657, and in Paris in 1669, there hping 
thus a diflerence of twelve years, notwithstanding the small 
distance between these two places. In Eastern Russia, to 
the east of the mouth of the Volga, of Saratow, Nischni-Now- 
gorod, and Archangel, tho easterly declination of Asia is ad« 
vanoing toward us. Two admirable observors, Hanstoen and 
Adolphus Erman, havo mado us acquainted with the remark* 
ablo double curvature of tho lines of declination in the vast 
region of Nor thorn Asia ; thoso being concave toward the 
pole between Obdorsk, on tho Oby, and Turuchansk, and con- 
vex between tho Lake of Baikal and the Gulf of Ochotsk. In 
this portion of the earth, in northern Asia, between the mount- 
ains of Werchojansk, Jakutsk, and the northern Korea, the 
isogenic lines form a remarkable closed system. This oval 
configuration* recurs regularly, and over a great extent of the 
South Sea, almost as far as the meridian of Pitcaim and the 
group of the Marquesas Islands, between 20° north and 45° 

From OQbert'a Phytiologia Nova de MagneUt we lee plainly (and the 
fact is very remarkable) that in 1600 the declination was still null in 
the region of the Azores, jost as it had been in the time of Columbus 
(lib. 4, cap. 1). I believe that in mv Examen Critique (t. iii., p. 54) 
I have proved from documents that the celebrated line of demarKation 
by which Pope Alexander VI. divided the Western hemisphere between 
Portugal and Spain was not drawn through the most western point of 
the Azores, because Oolumbus wished to convert a physical into a po- 
litical division. He attached great importance to the zone (raya^ " in 
which tho compass sliows no variation, whoro air and ocoan, the latter 
oovurod witli pasturos of soa-wood, exhibit a poculiur constitution, 
whoro cooling winds iMiuiu to blow, and whuru [tw orniuuous ubscrvii- 
tions of the {Milar slur lou him to iuiugluo] tho furui (sphuricily) of thu 
Earth is no longer tho same.'' 

* To detormme whotlior the two oval systems of isogenic lines, so 
singularly included each within itself, will continue to advance for cen- 
tunes in the same inclosed fonn, or will unfold and expand themselves, 
is a question of the highest interest in the problem of tho physical 
causes of terrestrial magnetism. In the Eastern Asiatic nodes the dec- 
lination increases from without inward, while in the node or oval sys- 
tem of the South Sea tho opposite holds good ; in fact, at the prosont 
time, in the whole South Sea to the east of the meridian of Kami* 
schatka. there is no line where the declination is null, or, indeed, in 
which It is less than 2^ (Brman, in Pogg., Armal., bd. xxxi., ^ 129). 
Yet Ooroelius Schouten, on Baster Sunday, 1616, appears to have found 
the declination null somewhere to the southeast of Nukahiva, in 15^ 
south lat. and 132^ west long., and consequently in the middle of the 
present closed isogonal system. (Hansteen, Marnet. der Erde, 1819, ^ 
28.) It must not uo forgotten, in the midst of all thoso considerations, 
that wo can only follow tlie direction of the magnetic lines in tlieir 
progress as they aro projected upon tlie surioce oi the Barth. 
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■outh lat. Ono would almost be inclined to regard this lin- 
gular configuration of closed, almost concentric, linos of dooli* 
nation as the eflcct of a local character of that portion of the 
globe ; but if, in the course of centuries, these apparently iso- 
lated systems should also advance, we must suppose, as in the 
case of all great natural forces, that the phenomenon arises 
from some general cause. 

The horary variations of the declination, which, although 
dependent upon true time, are apparently governed b^ the 
Sun, as long as it remains above the horizon, diminish m an- 
gular value with the magnetic latitude of place. Near the 
equator, for instance, in the island of Rawak, they scarcely 
amount to three or four minutes, while they are from thirteen 
to fourteen minutes in the middle of Europe. As in the whole 
northern homisphoro the north point of the noodle movos from 
oast to west on on avorngo from 8( in the morning until 1| at 
mid-day, while in the southern hemisphere the same north 
point moves from west to east,* attention has recently been 
drawn, with much justice, to the fact that there must be a 
region of the Earth between the terrestrial and the magnetic 
equator where no horary deviations in the declination are to be 
observed. This fourth curve, which might be called the curve 
of no molum, or, rather, the line of no variatum of horary 
declination, has not yet been discovered. 

The term magnetic poles has been applied to those points 
of the Earlh*s surface where the horizontal power disappears, 
and more importance has been attached to those points than 
properly appertains to them ;t and in like manner, the curve, 
where the inclination of the needle is null, has been termed 
the nuignetic equator. The position of this line and its secular 
change of configuration have been made an object of careful 
investigation in modem times. According to the admirable 
work of Duperrey.t who crossed the magnetic equator six times 
between 1822 and 1825, the nodes of the two equators, that 
is to say, the two jioiuts at which the lino without inclination 
intersects the terrestrial equator, and consequently passes from 
ono hemisphere into tho other, aro so uiiocpially placed, that 
in 1826 the nodo near tho island of 8t. Thomas, on tho wost* 

* Anigo, in the Ann^iairt, 1836, p. 384, and 1840, p. 330-338. 

t OaiiM, AUg. Tkeorie df Erdmagnei., ^ 3\. 

t Daporrcy, De In CoH/gwrnHon de PEqunieur Magniiique, in the 
Annntet d€ Ckimie, t xlv., p. 371 iiimI 379. (8o<9, alto, Morlet, in the 
Mimoir9$ ^UtnUi par dimert Sawans <k FAead, Row. du SeUmcm^ t Ui, 
F IW.) 
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em coast of Africa, was 188^° distant from the node in the 
South Sea, close to the little islands of Gilbert, nearly in the 
meridian of the Viti group. In the beginning of the present 
century, at an elevation of 11,936 feet above the level of the 
sea, I made an astronomical determination of the point (7° 1' 
south lat., 48° 40' west long, from Paris), where, in the in- 
terior of the New Continent, the chain of the Andes is inters 
fleeted by the magnetic equator between Quito and Lima. To 
the west of this p^int, the magnetic equator continues to trav* 
orso the South S^a in the southern hcinisphoro, at the same 
time slowly drawing near the terrestrial equator. It first pass- 
es into the northern hemisphere a little before it approaches 
the Indian Archipelago, just touches the southern points of 
Asia, and enters the African continent to the west of Socotora, 
almost in the Straits of Bab-eUMandeb, where it is most dis- 
tant from the terrestrial equator. Aflcr intersecting the un- 
known regions of the interior of Africa in a southwest direc- 
tion, the magnetic equator re-enters the south tropical zone in 
the Gulf of Guinea, and retreats so far from the terrestrial 
equator that it touches the Brazilian coast near Os Ilheos, 
north of Porto Seguro, in 16° south lat. From thence to the 
elevated plateaux of the Cordilleras, between the uilver mines 
of Micuipampa and Caxamarca, the ancient seat of the Incas, 
where I observed the inclination, the line traverses the whole 
of South America, which in these latitudes is as much a mag- 
netic terra ificognita as the interior of Africa. 

The recent observations of Sabine* have shown that the 
node near the island of St. Thomas has moved 4° from east to 
west between 1825 and 1837. It would be extremely im- 
portant to know whether the opposite pole, uear the Gilbert 
Islands, in the South Sea, has approached the meridian of the 
Carolinas in a westerly direction. These general remarks will 
be sufficient to connect the different systems of isoolinic non- 
parallel lines with the great phenomenon of equilibrium which 
IS manifested in the magnetic equator. It is no small advant- 
age, in the exposition of the laws of terrestrial magnetism, that 
the magnetic equator (whose oscillatory change of form and 
whose nodal motion exercise an influence on the inclination 
of the needle in the remotest districts of the world, in conse- 
quence of the altered magnetic latitudes)! should traverse the 

* See ihe remarkable chart of isoclinic lines in the Atlantic Ocean 
for the years 1825 and 1837, iu Subiue's Conlributiont to Terretlriaf 
UagndUm, 1840, p. 134. 

\ Huloboldt, Ueber die teeuld'e Verdnderung der Afagn$tiseh«n In- 
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oooan throughout its whole ooune, excepting ahout one iiAh, 
and consequently be made so much more accessible, owing to 
the remarkable relations in space between the sea and land, 
and to the means of which we are now possessed for determin* 
ing with much exactness both the declination and the inclina- 
tion at sea. 

We have described the distribution of magnetism on the 
surface of our planet according to the two forms of declination 
and inddncUion ; it now, therefore, remains for us to speak of 
the intensity of the force which is graphically expr^sed bv 
isodynamic curves (or lines of equal intensity). The investi- 
gation and measurement of this force by the oscillations of a 
vertical or horizontal needle have only excited a general and 
lively intorest in its telluric relations since the beginning of 
the nineteenth century. The application of delicate optical 
and chronomotrical instruments has rendered the measure- 
ment of this horizontal power susceptible of a degree of accu- 
racy far surpassing that attained in any other magnetic de- 
terminations. The isogenic lines are the more important in 
their immediate application to navigation, while we find from 
the most recent views that isodynamic lines, especially those 
which indicate the horizontal force, are the most valuable ele- 
ments in the theory of terrestrial magnetism.* One of the 
earliest facts yielded by observation is, that the intensity of 
the total force increases from the equator toward the pole.t 

etmatioH (Oa the socalar Obange in the Magnotio Inclination), in Pogg. 
Anmal,, bd. xr.. t. 322. 

* OauM, Resuliate der Beob. de§ Ma/^. Keretiu, 1838, ^ Sl| Sabine, 
Repmi on the Varialiom of the Marnetie InlensUyf p. 63. . 

f The tolluwiug is tlie nUtory of the difcoTery of the law that the 
intentity of the force increaaet (in general) with the magnetic latitude. 
When 1 was anxiooa to attach mytelf, in 1798, to the expedition of 
Captain Baudin, who intended to circnmiiarieate tlio globe, I waa re- 
qneated by Borda, who took a warm intereat in the niccen of my proj- 
ect, to examine the oacillntionaof a rorticol noodle in the maanelio me* 
ridian in diflbrent lalitndoi in each horaidplioro, in onJor to detonnino 
whether the intensity of tho force waa tlie Mmo, or wlicthor it rnriod in 
diflerent placea. During my tnivela in the tropical rogiona of Amorica, 
I paid ranch attention to this subject I olwenreil that the same needle, 
wnich in the space of ten minntes made 245 oscillations in Paris, 946 in 
the Havana, and 242 in Mexico, performed only 210 oscillations dnring 
the same perkid at St. Carlos del Rio Negro (P 53' north laL and 9ffi 
40 wmt long Irom Paris), on the majnietic equator, i. t., the line in 
which the im lination «>0; in Peru (7^ V south hit and 9ffi 40^ west 
long. ffvr«i Pans) only 211; while at Lima (12^ 2' south let) the num- 
ber rose to 210. I iouud, in the years intenreninc between 1799 and 
1803, that the whole force, if we assume it at 1*0000 on the magnetie 
•iqaator in the Pemrian Andes, between Mienipampa and Caxaneroa. 
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The knowledge which we posaess of ilie quantity of this iu* 
ereaso, and of all the numcrioal relations of the law of in* 

may bo oxpressod at rarit by 1*3483, in Moxico by 1*3155, in 8au Oarlot 
del Uio Negra by 1*0480, aud ia Lima by 1*0773. When I develoiied 
thia law of ihe variable intensity of terrestrial magnetic force, and sap- 
ported it by the numerical value of observations instituted in 104 dif- 
ferent places, in a Memoir read before the Paris Institute on tho SGlli 
Friuiaire, An. XIII. (of which (be mathematical portion was contributed 
by M. Diot), the facts were regarded as. altogetoer new. It was only 
afier the reading of the paper, as Biot expressly states (Lam6therie, 
Journal dc Pkystqut, t. lix., p. 440, note 2), and as I have repeated in 
the Relation HUlorique^ t i., p. 262, noto 1, that M. de Rosset commu- 
nicated to Biot his oscillation experiments made six years earUer (be- 
tween 1791 and 1794) in Van Diemen's Land, in Java, and in Amboyna. 
These experiments gave evidence of the same law of decreasing force 
in the Indian Archipelago. It must, I think, be supposed, that this ex- 
cellent man, when no wrote his work, was not aware of the regularity 
of the augmentation and diminution of the intensity, as before the read- 
ing of mv paper he never mentioned this (certainly not unimportant) 
physical law to any of our mutual friends, La Place, Delambro, Prony, 
or Biot. It was not till 1808, four years after my return from America, 
that the observations mode by M. do Rossel were published in tho Voy* 
<\ge dc V EnlrecaUtaux, t ii., p. 287, 201, 321, 480, and 644. Up to the 
present day it is still usual, iuall tho tables of magnotic intensity which 
nave been published in Glermany (Hansteen, Magnet, der Erde, 1819, 
■.71; Gauss, Beob. dee Magnet. VtreUu, 1838, s. 36-39 ; Ermnn, Pky- 
tikal. Beob., 1841, s. 529-579), in England (Sabine, Report on Maput. 
Inteneitft 1838, p. 43-62 ; Conlributione to Terrestrial Magnetiem, 1843), 
and in France (Becquerol, TraiU de Electr, et de Magnit.f t. vii., p. 
354-367), to reduce the oscillations observed in any part of the Earth 
to the standard of force which I found on the magnetic equator in 
Northern Peru, so that, according to the unit tlius arbitrarily assumed, 
the intensity of the magnetic force at Paris is put down as 1*348. Tht* 
observations mado by Lamanon in tho unfortunate expedition of Lu 
Perouse, during tho stay at TouerilTo (1785), and on the voyage to 
Macao ( 1787), are still older than those of Admiral Rossel. They were 
sent to the Academy of Sciences, and it is known that they were in tho 
possession of Condorcet in the July of 1787 (Becquerel, t. vii., p. 320) ; 
but, notwithstanding tlie most careful search, they are not now to be 
found. From a copy of a very important letter of Lamanon, now in the 
possession of Captain Duperrey, which was addressed to the then per- 
petual secretary of the Academy of Sciences, but was omitted in the 
narrative of the Voyage de La Peronte, it is stated " that the attractivo 
force of the magnet is less in the tropics than when we approach the 
poles, and that tne magnetic intensity deduced from the number of os- 
cillations of the needle of the inclination-compass varios and increases 
with the latitude." If the Academicians, while they continued to ex- 
pect the return of the unfortunate La Perouse, had felt themselves justi- 
fied, in the course of 1787, in publishing a truth which had been mde- 
pondently discovered by no less than three different travelers, the theory 
of terrestrial magnetism would have been extended by the knowledge 
of a now class of obsorvalions, dating oiglitoon yonrs oarliur than lliuy 
now du. This simiilo statement of lucts may probably justify tho ul> 
servations coutaineu in the third volume of my Relation Hittorique (p 
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tensity aflocting tho wholo Earth, is ospecially due, since 1819, 
to the unwearied aoiiviiy of Edward Sabino, who, adcr hav* 
ing obeenred the oscillations of the same needles at tho Ameri- 
can north pole, in Greenland, at Spitzbergen, and on the coasti 
of Guinea and Brazil, has continued to collect and arrange 
all the facts capable of explaining the direction of the isody- 
naniie lines. I have myself given the first sketch of an isody- 
nainic system in zones for a small part of South America. 
These lines are not parallel to lines of equal inclination (iso> 
clinic lines), and the intensity of the force is not at its minimum 
at the magnetic equator, as has been supposed, nor is it even 
equal at all parts of it. If we compare Erman's observations 
in the southern part of the Atlantic Ocean, where a faint zone 
(0*706) extends from Angola over the island of St. Helena to 
the Brazilian coast, with the most recent investigations of the 
celebrated navigator James Clark Ross, we shall find that 
on the surface of our planet the force increases almost in the 
relation of 1 : 3 toward the magnetic south pole, where Vic- 
toria Land extends from Cape Crozier toward the volcano 
Erebus, which has been raised to an elevation of 12,600 feet 
above the ice.* If the intensity near tho mognctio south polo 

615^: "The obcenrationt on the variation of terrestrial maguetiani, to 
whK.h I have devoted myself for thirty-two years, by means of instni- 
nenia which admit of comparison with one anoUior, in America, Burope, 
and Asia, embrace an area extending over 188 degroos of longitnde, 
from tho frontier of Ohinese Dsoangario to Uio west of tho Stmtli Boa 
Imihioff tho coeata of Mexico and rem, and reaching from 60^ nortli 
lat. to 12^ soath lat. I regard the discovery of tho law of tlio decro- 
ment of maffnetio force fn»m the pole to the equator as the most im- 
portant resQit of my American voyage." Although not absolutely cer> 
lain, it is very probable that Condorcet read Lamanon's letter ot July, 
1787, at4i meeting of the Paris Academy of Sciences ; and such a sam- 

Sle reading I regard as a sufficient act of publication. (Annumire dm 
\uream det Lamgiiudet, 1842, p. 463.) The first recognition of the law 
belongs, therefore, beyond all question, to the companion of La Perouse; 
but, long disregarded or forgotten, the knowlcdj^ of the law that the 
bitensity of the magnetic force of tho Earth vaned with the latitude, 
did not, I conceive, acquire an existence in science until tiie public*^ 
tioa of my observations from 1798 to 1804. The object ami the length 
of this note will not be indifferent to thdso who are familiar with the 
recent history of magnetism, and the doubts tliat have been started in 
connection with it, and who, from their own experience, are aware 
that we are apt to attach some value to that which has cost as the un- 
faitermpted labor of five years, under the pressure of a tropical climate. 
And of perilous mountain expeditions. 

* From the oliservations hiihorto collected, it appears that tho max- 
ianun of intensity for the whole surface of tlio Earth is 3*053, and the 
■dnimum 0.706. Doth phenomena occur in the southern hemisphere; 
tibo Ibrmor in 73^ 47' B. lat., and IGO^' dV B. long, from Paria. near 



188 COSMOS. 

be expressed by 2*053 (the unit still employed being the in* 
tensity which I discovered on the magnetic equator in North- 
ern Pom), Sabino found it was only 1*624 at the magnotio 
north pole near Melville Island (74° 27' north lat.), while it 
is 1*803 at New York, in the United States, which has al- 
most the same latitude as Naples. 

The brilliant discoveries of CErstcd, Arago, and Faraday 
have established a more intimate connection between the eleo- 
trio tension of the atmosphere and the magnetic tension of our 
terrestrial globo. Whilo Qilrstod has discovered that elec- 
tricity excites magnetism in the neighborhood of the conduct- 
ing body, Faraday's experiments have elicited electric currents 
from the liberated magnetism. Magnetism is one of the mani- 
fold forms under which electricity reveals itself The ancient 
vague presentiment of the identity of electric and magnetic 
attraction has been verified in our own times. " When elec- 
trum (amber)/' says Pliny, in the spirit of the Ionic natural 
philosophy of Thales,* *' is animated by friction and heat, it 
will attract bark and dry loaves precisely as the loadstone at- 
tracts iron." The same words may be found in the literature 
of an Asiatic nation, and occur in a eulogium on the load- 
stone by the Chinese physicist Kuopho.t I observed with as- 

Mount Crozier, wett-northwest of the sooth magnetic pole, at a place 
where Captain James Ross found the inclination ol' ihe needle to be 87^ 
II' (Sabine, Conirilmliont to Terresirial Magnetitm, 1843, No. 5, p. 
231); tlie latter, observed by Brman, at 19^ 59' S. lat., and 37^ 24| W. 
long, from Paris, 320 miles eastward froiy the Diiizilian coast of Espiritu 
Santo (Ermao, Pkyt, Beob., 1841, s. 57UV at u point where the inclina- 
tion is only 7^ 55'. The actual ratio or the two intensities is thorofuro 
as 1 to 2'90G. It was long boliovod that the greatest intensity of the 
magnetic force was only two and a half times as great as the weakest 
exhibited on the Earth's surface. (Sabine, Report on Magnetic /»- 
tentitj, p. 82.) 

* Of amber (saccinum, glessum) Pliny observes (xxxvii., 3), ** Gen- 
era ejus plura. Attritu digitorum accepta caloris anima trahunt in se 
paleas ac folia arida quie levia sunt, ac ut raagues lapis ferri ramenta 
quoque." (Plato, t«i Tinuto, p. 80. Martin, Etude *ur le Timie^ t. ii., 
p. 343-346. Strabo, xv., p. 703, Oasaub. ; Clemens Alex., Strom., ii., 
p. 370, where, singularly enough, a difference is made between rd 
eovxiov and rd ^XtKTpov.) When Thales, in Aristot., de Anima, 1, 2, 
and Hippias, in Diog. Laert., i., 24, describe the magnet and amber as 
possessmg a soul, they refer only to a moving principle. 

t * The magnet attracts iron as amber does the smallest grain of mus- 
tard seed. It is like a breath of wind which mysteriously penetrates 
through both, and communicates itself with the rapidity of an arrow." 
These are tlie words of Kuopho, a Chinese panegyrist on the magnet, 
who wrote in the begianing of tlio fourth century. (Kluproth, Le//t'« A 
ii. A. de Humboldt, nt- V Invention de la BouuiU, 1834, p. 125.) 
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tonishmetit, on the wojdy banks of the Orinoco, in the sports 
of tho natives, that the oxcitoinont of electricity by friction 
was known to these savage races, who occupy the very lowest 
place in the scale of humanity. Children may be seen to rub 
the dry, flat, and shining seeds or husks of a trailing plant 
(probably a Negretia) until they are able to attract threads 
of cotton and pieces of bamboo cane. That which thus de- 
lights the naked copper-colored Indian is calculated to awaken 
in our minds a deep and earnest impression. What a chasm 
divides the electric pastime of these savages from the discov- 
ery of a metallic conductor discharging its electric shocks, or a 
pile composed of many .chemically-decomposing substances, or 
a light-engendering magnetic apparatus . In such a chasm 
lie buried thousands of years that compose the history of the 
intellectual development of mankind ! 

The incessant change or oscillatory motion which we dis- 
cover in all magnetic phenomena, whether in those of the in* 
clination, declination, and intensity of these forces, according 
to the hours of the day and the night, and the seasons and the 
course of the whole year, leads us to conjecture the existence 
of very varioiui and partial systems of electric currents on the 
surface of the Earth. Are these currents, as in Scebeok's ex- 
periments, thermo-maguetic, and excited directly from unequal 
distribution of heat ? or should we not rather regard them as 
induced by the position of tho Sun and by solar heat ?* Have 
the rotation of the planets, and the di/Icrent degrees of velocity 
which the individual zones acquire, according to their respect- 
ive distances from the equator, any influence on the distribu 
tion of magnetism ? Must we seek the seat of these currents, 
that is to say, of the disturbed electricity, in the atmosphere, 
in the regions of planetary space, or in the polarity of the Sun 
and Moon ? G%lileo, in his celebrated Dialogo, was inclined 
to ascribe the parallel direction of the axis of the Earth to a 
magnetic point of attraction seated in universal space. 
* If we represent to ourselves the interior of the Earth as 
fused and undergoing an enormous pressure, and at a deffree 
of temperature the amount of which wo are unable to assign, 

* *' The nhenomena of periodicd Tariaiiont depend nuuiifettly on the 
•ction oTmIat beat, operating probabiy through the medium oftbenno- 
electric carrenta induced on the B«ith*t tuKace. Beyond this mde 
guest, howerer, nothing is as^et known of their physical cause. It is 
•▼en still a matter of M|»eculatMm whether tho solar inlloeDoe be a prti^ 
cipal f»r nuW a suburfliiiato cause in tlio tiheiHimona of terrestrial ma» 
oetism." (Ob9€r9aiitms ie bt tmmd^ im tke Aniareiit £«mUKm, IMO 
p. 35.) 
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in the immediate vicinity of the magnetic pole, the smoke-like 
conical segment appears less dark, and sometimes is not even 
seen. Where the horizontal force is the weakest, the middle 
of the luminous arch deviates the most from the magnetic 
meridian. 

The luminous arch remains sometimes for hours together 
flashing and kindling in ever-varying undulations, before rays 
and streamers emanate from it, and shoot up to the zenith. 
The more intense the discharges of the northern light, the 
more bright is the play of colors, through all the varying gra- 
dations from violet and bluish whitu to groun and crimson. 
Even in ordinary electricity excited by friction, the sparks are 
only colored in cases where the explosion is very violent after 
great tension. The magnetic columns of flame rise either 
singly from the luminous arch, blended with black rays simi- 
lar to thick smoke, or simultaneously in many opposite points 
of the horizon, uniting together to form a flickering sea of 
flame, whose brilliant beauty admits of no adequate descrip- 
tion, as the luminous waves are every moment assuming new 
and varying forms. The intensity of this light is at times so 
great, that Lowenom (on the 29th of June, 1786) recognized 
the coruscation of the polar light in bright sunshine. Motion 
renders the phenomenon more visible. Round the point in 
the vault of heaven which corresponds to the direction of the 
inclination of the needle, the beams unite together to form the 
so-called corona, the crown of the northern hght, which en- 
circles the summit of the heavenly canopy with a milder ra- 
diance and unflickering emanations of light. It is only in 
rare instances that a perfect crown or circle is formed, but ou 
its completion the phenomenon has invariably reached its 
maximum, and the radiations become less frequent, shorter, 
and more colorless. The crown and the luminous arches 
break up, and the whole vault of heaven becomes covered 
with irregularly-scattered, broad, faint, almost ashy-gray lu- 
minous immovable patches, which in their turn disappear, 
leaving nothing but a trace of the dark, smoke-hko segment 
on the horizon. There oflen remains nothing of the whole 
spectacle but a white, delicate cloud with feathery edges, or 
divided at equal distances into small roundish groups like oir- 
fo-cumuU. 

This connection of the polar light with the most delicate 
.drroiu clouds deserves special attention, because it shows that 
.Jie electro-magnetic evolution of light is a part of a meteoro- 
M.^ 'cal process. Terrestrial lAagnetism here manifests its in- 
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Ur or irtegular manifestation of the terrestrial force is detected 
by uninterrupted and simultaneous obeenrations. A variation 

eiallj at the timet of the tolsticei aii<l equinoxes, from hour to hoar. 
And often from half hour to half hour, for fire or six days and nighta 
antntemiptedlj. I had pennaded mytelf that continuous and uninter- 
rupted obtenrationt of aeveral daya and nights (obsenratio perpetna) 
were preferable to the single obeenrations of man^ months. Tne ap- 
paratus, a Pronj's magnetic telescope, suspended m a glass case by a 
thread doroid of torsion, allowed angles of seven or eight seconds to be 
road off on a fmolv-diTided scale, phoed at a proper distance, and 
lighted at night by lamps. Magnetic perturbations (storms), which oc- 
casionally recurred at toe same hour on several successive nights, led 
me even then to desire extremely that similar apparatus shonlcibe used 
to the east and west of Berlin, m order to distioffuish general terres- 
trial phenomena from those which are mere local disturbances, depend- 
faig on the ineouality of heat in different parts of the Elarth, or on the 
cloudiness of tne atmosnhero. My departure to Faris, and the long 
nonod of |)oIitical diAtiirlMinco tliat involved tlio whole of the w(\st of 
knro|to, |>rovontod my wish from being tlion accomplisliod. (Krstod's 
great discovery (1820) of the intimate connection between electricity 
and magnetism again excited a general interest (which had long flag- 
ged) in the perioaical variations of the electro-magoetio tension of the 
Earth. Ara^, who many years previously had commenced in the Ob- 
servatory at Paris, with a new and excellent declination instrument by 
Qambey, the longest nninterrapted series of horary observations whicn 
we possess in Europe, showed, by a comparison with simultaneous ob- 
servations of perturbation maoe at Kasan, what advantages miaht be 
obtained from corresponding measurements of declination, when I 
returned to Berlin, after an eighteen years' residence in France, I had 
a somII ma^etic house erected in the autumn of 1828, not only with 
the view oTcarrying on Uie work commenced in 180C, but more with 
the object that simultaneous observations at hours proviously determ- 
ined miffht be made at Berim, Paris, and Freiburg, at a depth of 35 
fethoms oelow the surfiioe. The simultaneous occurrence of the per- 
turbations, and the parallelism of the movements for October and Do- 
eember, 1829, were then graphically represented. (Pogg., Annmltm, 
bd. xix., s. 357, taf. i.-iii.) An expedition into NorthernAsia, under- 
taken in 1829, by command of the Emperor of Russia, soon save me an 
oppor tu nity of working out my plan on a larger scale. This plan was 
laid before a select committee of one of the Imperial Academies of 
Science, and, under the protection of the Director of the Mining Depart- 
ment, Count von Oancnn, and the excellent superintendenre of Pro- 
fessor Kupffer, magnetic stations were appointed over the whole of 
Northern Asia, from Nicoligeff, in the line through Oatliarinonburg, Bar- 
Bul, and Nertschinsk, to Pokin. 

The year 1832 (Odttta^er geUkrU Anxeigwrn, st 20G) is distinguished 
as the ^reat epoch in which the profound author of a general theory of 
tarrestnal magnetism, Fried rich Oanst, erected apparatus, constructed 
OB a new principle, in the GOttingen Observatory. The marnetio ob- 
servatory was finished in 1834, ami in the same ^ear Oauss chstributed 
BOW instruments, with instructions for their use, in which the celebrated 
physicist. Wtlhelm Weber, took extreme interest, over a large portion 
of Oermany and Bweden, and tlie whole of Italy. (RetnlUUs dtr Btoh, 
4— MmgnHiscktn Vertins im Jakr 1338, s. 135, and Poggend., Ammaltn, 
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of jYlv^th of the magnetic intensity is measured, and, at coi^ 
tain epochs, observations are made at intervals of 2^ minutes, 
and continued for twenty-four hours consecutively. A great 
English astronomer and physicist has calculated* that the 
mass of observations which are in progress will accumulate in 
the course of three years to 1,958,000. Never before has so 
noble and cheerful a spirit presided over the inquiry into the 
guantitative relations of the laws of the phenomena of nature. 
We are, therefore, justified in hoping that these laws, when 
compared with those which govern the atmosphere and the 
remoter regions of space, may, by degrees, lead us to a more 
intimate acquaintance with the genetic conditions of magnetic 
phenomena. As yet we can only boast of having opened a 
greater number of paths which may possibly lead to an ex- 
planation of this subject. In the physical science of terres- 

bd. zxxiii., t. 42G.) In the roagnetio aiaociation that was now formed 
with QOtiingon fur ita nentor, airoultaneoaa obaervationa have beeu an- 
dertakoii fuiir timoa a your since 183G, and coutiuuod uainterroptedlv 
for twuiity-four lioun. Tho i>oriiidt, howovur, do not coiucide with 
tlioMi ofllio ofiiiiiioxoM Olid ■owticotf, wliich I hud pn)|jotod uud followod 
out ill 1830. Up to tliitf iMriod, Groat Uritaio, iu |)08iieMioa of tbe moat 
eztenaive commerce and tbe largest navy in the world, had taken no 
part in the movement which aince 1838 had begun to yield important 
results for the more fixed fround-work of terrestrial magnetism. J. had 
the good fortune, by a public appeal from Berlin, which I sent in April, 
1836, to tbe Duke of Sussex, at that time President of the Royal So- 
ciety (Lettre de M. de Humboldt k S.A.R. le Duo de Sussex, sur lea 
moyens propres k perfectionner la connaissance du magn^tisme terrestre 
par r6tablissement des stations magn€ti(^ues et d'observations corre- 
spondantes), to excite a fiiendly interest in tbe undertaking which it 
bad so lous boon the chief object of my wish to carry out. In my let- 
ter to the Duke of Sussex 1 urged the establishment of permanent sta- 
tions in Canada, St. Helena, tlie Oape of Good Hope, the Isle of France, 
Ceylon, and New Holland, which nve years previously I bad advanced 
as good positions. The Royal Society appointed a joint physical and 
meteorological committee, which not only proposed to the government 
tbe establishment of fixed magnetic observatories in both hemispberea, 
but also the equipment of a naval expedition for magnetic observationa 
in the Antarctic Seas. It is needless to proclaim the obligations of 
scieuco in this matter to tbe cnreat activity of Sir John Herachel, Sabine, 
Airy, and Lloyd, as well as Ihe poworfuf support that was atTorded by 
the British Association for tbe Advancement of Science at their meet- 
ing held at Newcastle in 1838. In June, 1839, the Antarctic magnetio 
expedition, under the command of Captain James Clark Ross, was fully 
arranged ; and now, since its successful return, we reap the double 
fruits of highly important geographical discoveries around the south 
pole, and a series of simultaneous observations at eight or ten magnetio 
stations. 

* See the article on Terrettrial Magnelumt in tho Quarterly Mariew 
1840, vol. Uvi., p. 271-312. 
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trial magnetism, which must not be oonfi>unded with the 
purely mathematical branch of the studv, those persons only 
will obtain perfect satisfaction who, as m the science of the 
meteorological processes of the atmosphere, conveniently turn 
aside the practical bearing of all phenomena that can not be 
explained according to their own views. 

Terrestrial magnetism, and the electro-dynamic forces com« 
ntitod by the intellectual Ampiro,* stand in simultaneous and 
mtimato connection with the terrestrial or polar light, as well 
as with the internal and external heat of our planet, whose 
nagnetic poles may be considered as the poles of cold.t The 
lold conjecture hazarded one hundred and twenty-eight years 
since by Halley,| that the Aurora Borealis was a magnetic 

ghenomenon, has acquired empirical certainty from Faraday's 
rilliant discovery of the evolution of light by magnetic forces. 
The northern light is preceded by premonitory signs. Thus, 
in the nooming before the occurrence of the phenomenon, the 
irregular horary course of the magnetic needle generally indi- 
cates a disturlMuice of the equilibrium in the distribution of 

* Inttemd of aaoribing the inteniAl heat of the Earth to the tranaition 
of matter from a rapoMike Raid to a lolid condition, which accom- 
panies the formation of the planeta, Ampere has propoanded the idea, 
which I regard as highly improbable, that the Earth's temperature mar 
be the consequence of the continaoos chemical action of a nacleos of 
tho motals of tlio earths and alkalies on tho oxydisinff extomal cmst 
" It can iMit bo drmbtod," bo obsonros in his mnslorlr Vki^rie dit Pkin^ 
mimii Eteeiro^fnamiifuet, 1830, P. 100, ** tliat ofottro-niagnolio cur- 
rents exist in tlie interior of the globe, and that tlieaa currants are tlie 
cause of Its tomporaturo. Tlioy arise from tho action of a central oio- 
tallio nucleus, composed of tho metals discovered by Sir Ilumphr^ 
Davy, acting on the surrounding oxydised layer." 

t The remarkable connection oetween the cunrature of the mainietio 
lines and that of my isothermal Iraes was first detected by Sir David 
Brewster. See the TVmmkKom o/tk4 Rowal Becuif pf Edmbmrrk, vol. 
ix., 1831. p. 318, and TrmUm on MagntHtm, 1837, p. 43, 44, 47, and 
368. This distinguished physicist admits two cold poles ( poles of maxi- 
mum cold) in the northern hemisphere, an American one near Cape 
Walker (730 kt, 100° W. long.)* and an Asiatic ono (730 lat., 80^ B. 
long.) ; whence arise, accordion to him, two hot and two cold merid- 
ians, i «., meridians of mateat neat and cold. Even in the sixteenth 
century, Acoeta (Hidoria Natural i$ la$ Jmdia$, 1580, lib. i., cap. 17), 
groonding his opinion on the observaticms of a verr experienced Portu- 
guese pilot, taught that there were four lines vritnoot declination. It 
would seem from the controversy of Henry Bond (the author of Tkt 
Lom^Undt f h m md t 1676) with Beckborrow, that this view in some meas* 
are mfiaenoed Halley in his theory of fbur mairnetic polea. See my 
Ksamen Crtiiqut de FHiM. de la Oiograpki^^ L in., n. 60. 

t Halley, in the Pkilcmfpkical Trmn»aetion9, vol. xxix. (for 1714-17161, 
No. 341. 

Vol. I.— I 
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terrestrial magnetism .* When this disturbance attains a great 
degree of intensity, the equilibrium of the distribution is re- 
stored by a discharge attended by a development of light 
' The Auroral itself is, therefore, not to be regarded as an ex 
temally manifested cause of this disturbance, but rather as 8 
result of telluric activity, manifested on the one side by thf 
appearance of the light, and on the other by the vibrations of 
the magnetic needle." The splendid appearance of colored 
polar light is the act of discharge, the termination of a mag 
netic storm, as in an electrical storm a development of light — 
the flash of lightning — indicates the restoration of the disturb- 
ed equihbrium in the distribution of the electricity. An elec- 
tric storm is generally confined to a small space, beyond the 
limits of which the condition of the atmospheric electricity 
remains unchanged. A magnetic storm, on the other hand, 

* [The Aurora Borealit of October 24th, 1847, which was one of the 
mott brilliant ever known in thit coantxYi was preceded by great mag* 
netic disturbance. On the 22d of October the maximam of the west 
declination was 23^ IC ; on the 23d the position of the masnet was 
continaally changing, and the extreme west declinations were oetween 
220 44' and 230 37' . on the night between the 23d and 24th of October, 
tbe changes of position were very large and very freqnent, the magnet 
at times moving across the field so rapidly that a diflScaltv was experi- 
enced in following it Daring the day of the 24th of October there was 
a constant change of position, t)ot after midnight, when the Aurora be- 
gan perceptibly to decline in brightness, the disturbance entirely ceased. 
The changes of position of the horizontal-force maciiet were as faree and 
as frequent as tliose of the declination magnet, unt the vertical-force 
magnet was at no time so much affected as the other twu instruments. 
See On (he Aurora Borealu, as it toat teen on Sunday eveningt October 
Zith, 1847, at Blaekheath, by James Gbishor, Esq., of tlio Royal Observop 
tory, Qroenwich, in the London, Edinburgh, and Dublin Pkilot. Mag. 
and Journal of Science for Nov., 1847. Bee further, An Account of the 
Aurora Borealit of October the 2itk, 1847, by John II. Morgan, Bsq. 
We must not omit to mention that magnetic disturbance is now regis- 
tered by a photographic process : the self-registering photographic np- 
paratns used for this purpose in the Observatory at Greenwich was de- 
signed by Mr. Brooke, and another ingenious instrument of this kind 
has been invented by Mr. F. Bonalds, of the Richmond Observatory.]-— 
Tr. 

t Dove, in Poggend., Annalen, bd. xx., s. 341 ; bd. xix., s. 388. 
'* The declination needle acts in very nearly the same way as an atmos- 
pheric electrometer, whose divergence in like manner shows the in* 
creased tension of the electricity before this has become so great as to 
yield a spark." See, also, the excellent observations of Professor Kimtz, 
m bis Lehrbueh dor Afeteorologie, bd. iii., s. 511-519, and Sir David 
Brewster, in his TVeatite on Magnetitm, p. 280. Regarding the mag- 
netic properties of the galvanic flume, or luminous arch from a Bon- 
sou's carbon and zinc battery, see Casselmonu's Beobachtungen (Mar 
burg, 1844), s. 5(i-62. 



AUlOftA BOftXALIB. 10^ 

thows it! iDfluonce on the coune of the noodle over largo por* 
tions of continents, and, as Arago first discovorod, far iiom 
the spot whero the evolution of light was visible. It is not 
improbable that, as heavily-charged threatening clouds, owin^ 
to frequent transitions of the atmospheric electricity to an op 
posite condition, are not always discharged, accompanied b) 
lightning, so likewise magnetio storms may occasion far-ex 
tending disturbances in the horary course of the needle, with 
out there being any positive necessity that the equilibrium oi 
the distribution should bo restored by explosion, or by the 
passage of luminous efiusions fipom one of the poles to the 
equator, or fipom pole to pole. 

In collecting ail the individual features of the phenomenon 
in one general picture, we must not omit to describe the origin 
and course of a perfectly developed Aurora fiorealis. Low 
down in the distant horizon, about the part of the heavens 
which is intersected by the magnetio meridian, the sky which 
was previously clear is at once overcast. A dense wall oi 
hank of cloud seems to rise gradually higher and higher, until 
it attains an elevation of 8 or 10 degrees. The color of the 
dark segment passes into brown or violet ; and stars are visi- 
ble through the cloudy stratum, as when a dense smoke dark- 
ens the sky. A broad, brightly-luminous arch, first white, 
then yellow, encircles the dark segment ; but as the brilliant 
arch appears subsequently to the smoky gray segment, we can 
not agree with Argclander in ascribing the latter to the efibot 
of mere contrast with the bright luminous margin.* Tho 
highest point of the arch of light is, according to accurate ob- 
servations made on this subject,! not generally in the magnet- 
ic meridian itself, but from 6^ to 18^ toward the direction of 
the magnetic declination of the place. | In northern latitudes, 

* Argclander, in the important obtenrationa on the northern light 
embodied in tlie Vortrdgen rekalien im tUr pkyiH€Ui9ek-^kom9miteS9n 
a«M9dt9ekaJi %% K^igabtrg, bd. i.. 1834, %, 357-264. 

t For as aocoaot of the reealta of the obeervationa of Lottin, Bravais. 
and 8iyerttr5m, who spent a winter at Doeekop, on tlie coant of Lap 
Uod (70^ N. lat.), and in 210 nighta aaw tho northern ligbta 160 tinioa. 
aee the ComftUi Rendwt de tAead. dtt Scieneet, t. x., p. 289, nnd Mar 
lina'a MMorologie^ 1843, p. 453. See, alao, Argelaiider, in the Virirm' 
gtn gtk. in der K&nigtbtrg QettdUekafl, bd. i., a. 259. 



rofeaanr Ohallia, ofCambridgo, atatea that in the Aurora of O^ 
tober 24 til, 1847, tho atroamora all coo%'orgod towanl a atiicle point of 
the beaTena, aitoated in or ^'ery near a rertical circle paaaiiLg through 
the magnetic pole. Around thia point a corona was (orroea, the raya 
of whicb diverged in all directions from tho center, leaving a apace free 
from light: ita azimuth waa 18^ 41' from aoutli to raat, and ita altitude 
690 54'. See I'rofeaaor ChaUia, in the Atktnmum, Oct. 31, 1847.}— Tr 
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in the immediate vicinity of the magnetic pole, the smoke-like 
conical segment appears less dark, and sometimes is not even 
seen. Whore the horizontal force is the weakest, the middle 
of the luminous arch deviates the most from the magnetic 
meridian. 

The luminous arch remains sometimes for hours together 
flashing and kindling in ever-varying undulations, hefore rays 
and streamers emanate from it, and shoot up to the zenith. 
The more intense the discharges of the northern light, the 
more bright is the play of colors, through all the varying gra- 
dations from violut and bluish white to green and crimson. 
Even in ordinary electricity excited by friction, the sparks are 
only colored in cases whore the explosion is very violent after 
great tension. The magnetic columns of flame rise cither 
singly from the luminous arch, blended with black rays simi- 
lar to thick smoke, or simultaneously in many opposite points 
of the horizon, uniting together to form a flickering sea of 
flame, whose brilliant beauty admits of no adequate descrip- 
tion, as the luminous waves are every moment assuming new 
and varying forms. The intensity of this light is at times so 
great, that Lowenom (on the 29th of June, 1786) recognized 
the coruscation of the polar light in bright sunshine. Motion 
renders the phenomenon more visible. Round the point in 
the vault of heaven which corresponds to the direction of the 
inclination of the needle, the beams unite together to form the 
so-called corona, the crown of the northern light, which en- 
circles the summit of the heavenly canopy with a milder ra- 
diance and unflickering emanations of light. It is only in 
rare instances that a perfect crown or circle is formed, but on 
its completion the phenomenon has invariably reached its 
maximum, and the radiations become less frequent, shorter, 
and more colorless. The crown and the luminous arches 
break up, and the whole vault of heaven becomes oovered 
with irregularly-scattered, broad, faint, almost ashy-gray lu- 
minous immovable patches, which in their turn disappear, 
leaving nothing but a trace of the dark, smoke-like segment 
on the horizon. There often remains nothing of the whole 
ipectacle but a white, delicate cloud with feathery edges, or 
divided at equal distances into small roundish groups like cir- 
ro-cumuli. 

This connection of the polar light with the most delicate 
.drrous clouds deserves special attention, because it shows that 
.)ie electro-magnetic evolution of light is a part of a meteoro- 
M.^ 'cal process. Terrestrial OMignetism here manifests its in- 
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flnence on the atmosphere and on the condensation of aqueous 
▼apor. The fleecy clouds seen in Iceland by Thienemann, 
and which he considered to be the northern light, have been 
seen in recent times by Franklin and Richardson near the 
American north pole, and by Admiral Wrangel on the Sibe- 
rian coast of the Polar Sea. All remarked " that the Aurora 
flashed forth in the most vivid beams when masses of cirrous 
strata were hovering in the upper regions of the air, and when 
these were so thin that their presence could only be recognized 
by the formation uf a halo round the moon." These clouds 
sometimes range themselves, even by day, in a similar manner 
to the beams of the Aurora, and then disturb the course of 
the magnetic needle in the same manner as the latter. On 
the morning after every distinct nocturnal Aurora, the same 
superimposed strata of clouds have still boon observed that 
had previously been Imninous.* The apparently converging 
polar zones (streaks of clouds in the direction of the magnetic 
meridian), which constantly occupied my attention during my 
journeys on the elevated plateaux of Mexico and in Northern 
Asia, belong probably to the same group of diurnal phenom- 
ena.! 

* John Franklin, Narraiwe of a Journey to the Shores of tke Polat 
Sea, in ike Yenrg 1819-1822, p. 552 and 597; Tliienemann, in the 
Edinburgh Pkiloeopkieal Journal, vol. xz., p. 336 ; Faraabaraon, in vol. 
Ti., p. 392, of the aame jouraal ; Wrangel, PAjr«. Beoi., ; 59. Parry 
OTOO iaw the ffrent arch of the northern light continue tlironglioat the 
day. {Jonmat of a Second Voyage, perforwtti in 1821-1823, p. 156.) 
Something of the anme nature wat aeon in Bn^land on the 9Ui of Sep- 
tember, 1827. A liiminona arch, 20^ high, with colarans proceeding 
from it, waa teen at noon in a part of the aky that had been clear after 
ram. {Journal of tke Royal Inetiiutian of Cheat Britain, 1828, Jan., 
p. 429.) 

t On my retom from ray American traTeU, I dencribed the delicate 
eirro-cumulas clond, which anpeara uniformly divided, aa if by the 
action of rcpuUive foroea, uncler the name of polar benda {bandeevo- 
Mrm), bccniifl'k thoir poraivoctivo point of convereonce it rooatly at firat 
in tho mngnotio |miIo, ao tiint tlio iMrallol mwa ol (Ux^cy cIoikIm follow 
the magiiotic tnoridinii. Oiio |>ootiiiarity of tlita mytlorioni pliononionon 
is tlio oacillation, or occaaionally tlio emdnally p rogroaaivo motion, of 
tho point of coiiverffoiice. It ia ttanally obaervod that tlio batida are 
only fully dovelopeu in one region of the beavena, and they are aeon 
to move firat from aonth to nortn, and then gradnally from east to weat. 
I eoold not trace any connection between the advancing motion of the 
baoda and alterationa of the cnrrenta of air in the higher regiona of the 
atmoaphere. They occur when the air is extremely calm and the 
keavena are quite eerene, and are much more common under tlie 
tropica than in the tompcrato and frigid sonea. I have aeen this phe- 
nomenon on tlie Andes, nlmnat under the eniiator, at an elevation of 
1S.990 feet, and in Northern Asia, in the plaina of Kraanojaraki, south 
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Southern lights have often heen seen in England by the in« 
telligent and indefatigable observer Dalton, and northern lights 
have been observed in the southern hemisphere as far as 45^ 
latitude (as on the 14th of January, 1831). On occasions 
that are by no means of rare occurrence, the equilibrium at 
both poles has been simultaneously disturbed. I have discov- 
ered with certainty that northern polar lights have l)ccn scon 
within the tropics in Mexico and Peru. Wo must distinguish 
between the sphere of simultaneous visibility of the phenom- 
enon and the zones of the Earth where it is seen almost night- 
ly. Every observer no doubt sees a separate Aurora of his 
own, as he sees a separate rainbow. A great portion of the 
Earth simultaneously engenders these phenomena of emana- 
tions of light. Many nights may be instanced in which the 
phenomenon has been simultaneously observed in England 
and in Pennsylvania, in Rome and in Pckin. When it is 
stated that Auroras diminish with the decrease of latitude, 
the latitude must be understood to be magnetic, and as meas- 
ured by its distance from the magnetic pole. In Iceland, in 
Greenland, Newfoundland, on the shores of the Slave Lake, 
and at Fort Enterprise in Northern Canada, these lights ap- 
pear almost every night at certain seasons of the year, cele- 
brating with their flashing beams, according to the mode of 
expression common to the inhabitants of the Shetland Isles, 
'* a merry dance in heaven.'** While the Aurora is a phe- 
nomenon of rare occurrence in Italy, it is frequently seen in 
the latitude of Philadelphia (39^ 57'), owing to the southern 
position of the American magnetic polo. In tho districts 
which are remarkable, in tho New Continent and the Sibe- 
rian coasts, for the iirequent occurrence of this phenomenon, 
there are special regions or zones of longitude in which the 

polar light is particularly bright and brilliant, t The exist- 

f 
of Bachtarminak, to similarly developed, that we moat regard the in 
flaencet producing it as very widely disuibuted, and as depending on 
geuonil nutaral forces. See the important obsorvutiuns of Kfimtz ( For- 
Itwn^tn aber Meieorohgie, 1840, s. 146), and the more rocent ones of 
Martins and Dravais {Mitiorologie, 1843, p. 1 17). In south polar hands, 
composed of very delicate clouds, observed by Arugo at Paris on the 
23d of June, 1844, dark ravs sliot upward from an arch running east 
and west. We have already mode mention of black rays, resembling 
dark smuke, as occurring in brilliant nocturnal northern lights. 

* The northern lights ore called by tlie Shetland Islandurs '*the 
merry dancers." (I&ndul, in tho Quarterly Journal of Science, new 
lurios, vol. iv., p. 395.) 

t See Muncku's excellent work in the now o<litiou of Guhlur's Pkyeik. 
Wdrtiirbuch, bd. vii., i., s. 113-268, and eripociuMy h. 158. 
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ance of local Lifluences can not, therefore, be denied in thaM 
eaaea. Wrangel aaw the brilliancy diminiah oa he left the 
ahoroa of the Polar Sea, about Niachne-Kolymak. The ob- 
aervationa made in the North Polar expedition appear to piove 
that in the immediate yicinity of the magnetic polo tho de« 
Telopment of Jight ia not in the leaat degree more intenae or 
frequent than at aome diatance from it. 

The knowledge which wo at prcacnt poiaesa of the altitude 
of the polar light u baaed on meaaurementa which, from their 
nature, the constant oscillation of the phenomenon of light, 
and tho consequent uncertainty of the angle of parallax, are 
not deserviog of much confidence. The results obtained, sot- 
ting aside the older data, fluctuate between several miles and 
an elevation of 3000 or 4000 feet ; and, in all probability, 
the northern lighta at difibront timea occur at very diflbrent 
elevations.* The most recent observers are disposed to place 
the phenomenon in the region of clouds, and not on the con- 
fines of the atmosphere ; and they even believe that the raya 
of the Aurora may be afiected by winds and currents of air, if 
the phenomenon of light, by which alone the existence of an 
electro-magnetic current is appreciable, be actually connected 
with material groups of vesicles of vapor in motion, or, more 
correctly speaking, if light penetrate them, passing from one 
vesicle to another. Franklin saw near Great Bear Lake a 
beaming northern light, the lower side of which he thought 
illuminated a stratum of clouds, while, at a distance of onlv 
eighteen geographical miles, Kendal, who was on watoh 
throughout the whole night, and never lost sight of the sky, 
perceived no phenomenon of light. The assertion, so fre- 
quently maintained of late, that the rays of the Aurora have 
been seen to shoot down to the ground between the spectator 
and some neighboring hill« is open to the charge of optical 
delusion, as in the cases of strokes of lightning or of the fall 
of firo-balls. 

Whether tho magnetic storms, whoso local character wo 
have illustrated by such remarkable examplos, share noiso as 
well as light in common with electric storms, is a question 

* Farqabftnon in tho Edimhurgk Pkilot, Journal, vol. zvi., p. 304 1 
Pkilm, Trmuad, for 1829, p. 113. 

[The height of the bow of light of the Aarora teen at tbeOambridg* 
Obaervatory, March 19, 1847, was determined by Profetaora Challia, of 
Cambridge, and Gbevallicr, of Durham, to bo 177 milea above the lur 
face of the Earth. See the notice of this meteor in An Aeeomnt of tkt 
Aurora BoroalU of Oct. 24, 1847, by John U. Morgan, Eaq., 1848.1— 
Tr, 
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that has hecome difficult to answer, since implicit confidenoo 
is no longer yielded to the relations of Greenland whale-fish* 
ers and Siberian fox-hunters. Northern lights appear to have 
become loss noisy since tbeir occurrences have boon more ac- 
curately recorded. Parry, Franklin, and Richardson, near 
the north pole ; Thienemann in Iceland ; Gieseke in Green- 
land ; Lottir4 and Bravais, near the North Cape ; Wrangol 
and Anjou, on the coast of the Polar Sea, have together soon 
the Aurora thousands of times, but never heard any sound 
attending the phonomonon. If this negative tcstimonv should 
not be deemed equivalent to the positive counter-evidence of 
Hearne on the mouth of the Copper River and of Henderaon 
in Iceland, it must be remembered that, although Hood heard 
a noise as of quickly-moved musket-balls and a slight crack- 
ing sound during an Aurora, he also noticed the same noise 
on the following day, when there was no northern light to be 
seen ; and it must not be forgotten that Wrangol and Giosoke 
were fully convinced that the sound they had heard was to 
be ascribed to tho contraction of the ice and the crust of the 
snow on tho sudden cooling of tho atmosphere. Tlie belief 
in a crackhng sound has arisen, not among tho people gener- 
ally, but rather among learned travelers, because in earlier 
times the northern light was declared to be an efiect of atmos- 
pheric electricity, on account of tho luminous manifestation 
of the electricity in rarefied space, and the observers found it 
easy to hear what they wished to hear. Recent experiments 
with very sensitive electrometers, have hitherto, contrary to 
the expectation generally entertained, yielded only negative 
results. The condition of the electricity in tho atmosphere* 

* [Mr. Juiiios Glaiubcr, of the Royal Observatory, Greenwich, in hit 
interoating Remark* on the Weather during the Quarter ending Decern' 
berZUtf 1847, aays, '* It is a fact well worthy of notice, that from tho 
beginning of this quarter till the 20ih of December, the electricity of 
the atmosphere was almost always in a neatnd state, so that no signs of 
electricity were shown for several days together by any of the electric- 
al instraments.'* Daring this period there were eight exhibitions of 
the Aurora Borealis, of which one was the peculiarly brisht display of 
the meteor on the 24th of October. These frequent exhibitions of brill- 
iant Aurorte see's to depend upon many remarkable meteorological re- 
lations, for we find, according to Mr. Glaisher's statement in the Pj>Por 
to which we have already alluded, that the previous fifty years afford 
no parallel season to the closing one of 1847. The mean tompermtora 
of eraporaUon and of the dew point, the mean elastic force of vapor, 
the mean reading of the barometer, and the mean daily range of the 
readings of the tnermometers in air, wore all greater at Greenwich 
during that season of 1847 tlian the avorage range of many prucedinf 
yean.]— Tr. 
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b not found to be changod during tho most intonie Aurora ; 
but, on tho other hand, tho throo ozprcssions of the powor of 
terrestrial magnetisni, doohnatioii, iiioh'nation, and intenrityi 
are all afiected by polar light, to that in the Bame night, and 
at difierent periods of the magnetio development, the same 
end of the needle is both attracted and repelled. The asser 
tion made by Parry, on the strength of the data yielded by 
his obsenrations in the neighborhood of the magnetio pole at 
Melville Island, that the Aurora did not disturb, but rathei 
exercised a calming influence on the magnetio needle, has been 
satisfactorily refuted by Parry's own more exact researches,* 
detailed in his journal, and by the admirable observations of 
Richardson, Hood, and Franklin in Northern Canada, and 
lastly by Bravais and Lottin in Lapland. The process of the 
Aurora is, as has already boon observed, the restoration of a 
disturbed condition of equilibrium. Tho efibct on tho needle 
is diflerent according to the degree of intensity of the explo- 
sion. It was only unappreoiable at the gloomy winter station 
of Boeekop when the phenomenon of light was very faint and 
low in the horizon. Tho shooting cylinders of rays have beon 
aptly compared to tho flame which rises in the closed circuit 
of a voltaic pile between two points of carbon at a considera^ 
ble distance apart, or, according to Fizeau, to the flame rising 
between a silver and a carbon point, and attracted or repelled 
by tho magnet. This analogy certainly sets aside the noccB- 
sity of assuming tho cxistonco of mctaUio vapors in the atmoB* 
phere, which some celebrated physicists have regarded as the 
substratum of the northern light. 

When we apply the indefinite term polar light to the lumin- 
ous phenomenon which we ascribe to a galvanic current, that 
is to say, to the motion of electricity in a closed circuit, we 
merely indicate the local direction in which the evolution of 
light is most frequently, although by no moans invariably, 
seen. This phenomenon derives the greater part of its im« 
portanco from tho fact that tho Earth becomes sdf4uminnut, 
aud that as a planet, besides tho light which it receives from 
the central bouy, tho Sun, it shows itself capable in itself of 
developing light. Tho intensity of the terrestrial light, or, 
rather, the luminosity which is diflused, exceeds, in eases of 
the brightest colored radiation toward the zenith, the light 
of the Moon in its first quarter. Occasionally, as on the 7th 
of January, 1831, printed characters could bo road without 
difficulty. This almost uninterrupted development of light 
« KlmU, Ukr^uck dtr MeleonfUgU, bd. Ui., %, 49B and BOL 
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in the Earth leads us by analogy to the remarkable process 
exhibited in Venus. The portion of this planet which is not 
illumined by the Sun oflcn shines with a phosphorescent light 
of its own. It is not improbable that the Moon, Jupiter, and 
the comets shine with an independent light, besides the re- 
flected solar light visible through the polariscope. Without 
speaking of the problematical but yet ordinary mode in which 
the sky is illuminated, when a low cloud may be seen to shine 
with an uninterrupted flickering light for many minutes to- 
gether, wo still moot with other instances of terrestrial develop- 
ment of light in our atmosphere. In this category we may 
reckon the celebrated luminous mists seen in 1783 and 1831 ; 
the steady luminous apjiearance exhibited without any flick- 
ering in great clouds observed by Rozier and Beccaria ; and 
lastly, as Arago* well remarks, the faint diffused light which 
guides the steps of the traveler in cloudy, starless, and moon- 
less nights in autumn and whiter, even when there is no snow 
ou the ground. As in polar light or the electro-magnetic 
storm, a current of brilliant and often colored light streams 
through the atmosphere in high latitudes, so also in the torrid 
zones between the tropics, the ocean simultaneously develops 
light over a space of many thousand square miles. Here the 
magical effect of light is owing to the forces of organic nature. 
Foaming with light, the eddying waves flash in phosphores- 
cent sparks over the wide expanse of waters, where every scin- 
tillation is the vital manifestation of an invisible animal world. 
So varied are the sources of terrestrial light ! Must we still 
suppose this light to be latent, and combined in vai)ors, in 
order to explain Moscr*s ivtages produced at a distance — a 
discovery in which reality has hitherto maniiusted itself like 
a mere phantom of the imagination. 

As the internal heat of our planet is connected ou the one 
hand with the generation of electro-magnetic currents and 
the process of terrestrial light (a consequence of the magnetic 
storm), it, on the other hand, discloses to us the chief source 
of geognostic phenomena. We shall consider these in their 
connection with and their transition from merely dynamic dis- 
turbances, from the elevation of whole continents and mount- 
ain chains to the development and effusion of gaseous and 

* Anigo, on the dry fogs of 1783 and 1831, which illaminated the 
night, in the Annuairedu. Bureau det Longitudes, 1832, p.'J46 and 250; 
and, regarding extraordinary luminoun appeamncca in cloads without 
Btormt, see Notieet tur la Tonnerr^, in tlio Annuairf pour I* an. 1838. 
p. S79-S83. 
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liquid fluids, of hot mud, and of those heated and molten 
earths which hecomo solidified into crystalline mineral masses. 
Modem geognosy, the mineral portion of terrestrial physics, 
has made no slight advance in haying investigated this con 
nection of phenomena. This investigation has led us away 
from the delusive hypothesis, hy which it was customary for- 
merly to endeavor to explain, individually, every expression of 
force in tho terrestrial glohe : it shows us the connection of 
the occurrence of heterogeneous suhstances with that which 
only appertains to changes in space (disturhances or eleva- 
tions), and groups together phenomena which at first sight 
appeared most heterogeneous, as thermal springs, efllision of 
carbonic acid and sulphurous vapor, innocuous salses (mud 
eruptions), and the dreadful devastations of volcanic mount* 
ains.* In a general view of nature, all thcso phenomena are 
fused together in one solo idea of the reaction of tho interior 
of a planet on its external surface. We thus recognize in tho 
depths of the earth, and in the increase of temperature with 
the increase of depth from the surface, not only the germ of 
disturbing movements, but also of the gradual elevation of 
whole continents (as mountain chains on Ions fissures), of vol- 
canic eruptions, and of the manifold produotion of mountains 
and mineral masses. The influence of this reaction of the 
interior on the exterior is not, however, limited to inorganic 
nature alone. It is hichly probable that, in an earlier world, 
more |K)wcrful emanations orcarbonio acid gas, blended with 
tho atmosphoro, must have incroased the assimilation of oar^ 
bon in vegetables, and that an inexhaustible supply of com- 
bustible matter (lignites and carboniferous formations) must 
have been thus buried in the upper strata of the earth by the 
revolutions attending the destruction of vast tracts of forest. 
We likewise perceive that the destiny of mankind is in part 
dependent on the formation of the external surface of the earth, 
tho direction of mountain tracts and liif^h lands, and on tho 
distribution of elevated continents. It is thus granted to the 
inquiring mind to pass from link to link along the chain of 
phenomena until it roaches the period when, in the solidifying 
process of our planot, and in its first transition from tho gas- 
eous form to the agglomeration of nmttor, that portion of the 
inner heat of tho Earth was dovebped, which does not belong 
to the action of the Sun. 

* [See Maiiteir* Wanden of Oeoh^y, 1848, vol. i., p. 34, 36, 105 1 
abo Lyeir* Principfeg of Oeotoffy, vol. li., iiud Daabeney Om Volcmnpm^ 
2d ed., 1848. Part ii., ch. zxxii., ucxiii.] — Tr, 



204 coomoB. 

In ordor to give a general delineation of the causal con* 
nection of geognostical phenomena, we will begin with those 
whoso ohiof characloristio is dynamio, consisting in motion 
and in change in space. Earthquakes manifest themselves 
by quick and successive vertical, or horizontal, or rotatory vi- 
brations.* In the very considerable number of earthquakes 
which I have experienced in both hemispheres, alike on land 
and at sea, the two first-named kinds of motion have often ap- 
peared to me to occur simultaneously. The mine-Uke explo- 
sion — the vertical action from beiow upward — was most strik- 
ingly manifested in the overthrow of the town of Riobamba 
in 1797, when the bodies of many of the inhabitants were 
found to have been hurled to Cullca, a hill several hundred 
feet in height, and on the opposite side of the River Lican. 
The propagation is most generally efiected by undulations in 
a linear direction,! with a velocity of from twenty to twenty- 
eight miles in a minute, but partly in circles of commotion or 
largo ellipses, in which the vibrations are pmiiagatod with 
decreasing intensity from a center toward the circumference. 
There are districts exposed to the action of two intersecting 
circles of commotion. In Northern Asia, where the Father 
of History,! and subsequently Theophylactus Simocatta,t de- 
scribed the districts of Scythia as free from earthquakes, I 
have observed the metalliferous portion of the Altai Mount- 
ains under the influence of a two-fold focus of commotion, the 
Lake of Baikal, and the volcano of the Celestial Mountain 
(Thianschan).ll When the circles of commotion intersect one 
another-^when, for instance, an elevated plain lies between 
two volcanoes simultaneously in a state of eruption, several 
wave-systems may exist together, as in fluids, and not mu- 
tually disturb one another. We may even suppose interfer- 

* [See Daubeney On Yokanoet, 2d ed., 1848, p. 509.]— 7r. 

t [On the liuear direction of earthquakes, see Daabeney On Volca- 
Hoest p. 515.J— Tr. 

t Herod, iv., 28. The prostration of the colossal statue of Memnon, 
which has been again restored (Letronne, La Statue VoeaU de Memnon, 
1835, p. 25, 1^6), presents a iUct in opposition to the ancient prejudice 
that Egypt is free from earthquidces (Pliny, ii., 80); but the valley of 
the Nile does lie external to the circle of commotion of Byzantium, thn 
Archipelago, and Syria (Ideler ad Aristot., Meteor. ^ p. 584). 

$ Saint-Martin, in the learned notes to Lebeau, ^i^t, du Ba» Empire, 
L ix., p. 401. 

II Humboldt, Ane Centrale, t. ii., p. 110-118. In regard to the dif« 
ferenco between agitation of tlio surtace aud of the strata lying beneath 
it, see Qay-Lussao, in the AntuUee de Chimie et de Phyeique, i. xxii., p. 
499. 
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e9tce to exist here, ai in the inteneoting waves of sound. The 
extent of the propagated waves of commotion will be increased 
on the upper suriaco of the earth, according to the general law 
of mechanics, by which, on the transmission of motion in elas- 
tic bodies, the stratum lying free on the one side endeavors to 
separate itself from the other strata. 

Waves of commotion have been investigated by means of 
the pendulum and the seismometer* with tolerable accuracy in 
respect to their direction and total intensity, but by no means 
with reference to the internal nature of their alternations and 
their periodic intumescence. In the city of Quito, which lies 
at the* foot of a still active volcano (the Rucu Pichincha), 
and at an elevation of 9540 feet above the level of the sea, 
which has beautiful cupolas, high vaulted churches, and mass- 
ive edifices of several stories, I have often been astonished 
that the violence of the nocturnal earthquakes so seldom 
causes fissures in the walls, while in the Peruvian plains os- 
cillations apparently much less intense injure low reed cot- 
tages. The natives, who have experienoDd many hundred 
earthquakes, believe that the difierence depends less upon the 
length or shortness of the waves, and the slowness or rapidity 
of the horizontal vibrations,! than on the uniformity of the 
motion in opposite directions. The circling rotatory commo- 
tions are the most uncommon, but, at the same time, the most 
dangerous. Walls wero observed to be twisted, but not thrown 
down ; rows of trocs turned from tlieir previous parallel diroc- 

* rThit infirumont, in iU simplott form, coiuiiBUi nioroly of a baiiin 
riUed wiUi tomo viicid liqatd, wtiich, on tlio oocurronco ol a tbook of 
sn earthquake of 101061001 Ibrce to diatorb the equilibriam of the 
baildin|{ in which it is placed, is tilted on one side, and the liquid made 
to rise in the same direction, thos showing by its height the degree of 
the disturbance. Professor J. Forbes has invented an instmment of 
this nature, although on a greatlr improved plan. It consists of a vert* 
ical metal rod, having a bul of lead movable apon it. It is supported 
ripoii a cvlindrical stcol wire, which may be compressed at pleasure by 
moans of a screw. A lateral movement, such as tlrnt of an earthquake, 
which carries forward tho base of the instrument, can only act upon the 
ball through the medium of the elasticity of the wire, and the direction 
of the dispUcement will be indicated by the plane of vibration of the 
pendulum. A self>registering apparatus is attached to the machine. 
J. Forbes's aooount of his invention in Edimb. Phil, 3V«iu.» 
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vol. XV., Part LJ— Tr. 

f " Tntissimum est cum vibrat crispante ledifidorum crepitn ; et cum 
intumesoit assurgens altemoque motu rosidot, innoxium et cum oonciiri 
rentia teota oontrario ictu arietant; quoiiiam alter motus altori reoititur. 
Undantis inclinatio et floctos more qiucdam volutatio infeata est, ant con 
la miam partem totaa •• motoa impeUit**— Flm., ii., R. 
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tion ; and fields covered with difierent kinds of plants found 
to be displaced in the great earthquake of Riobainba, in the 
province of Quito, on the dth of February, 1797, and in that 
of Calabria, between the 5th of February and the 28th of 
March, 1783 The phenomenon of the inversion or displace- 
ment of fields and pieces of land, by which one is made to oc- 
cupy the place of another, is connected with a translatory mo- 
tion or penetration of separate terrestrial strata. When I 
made the plan of the ruined town of Riobamba, one particu- 
lar spot was pointed out to me, where all the furniture of one 
house had been found under the ruins of another. The loose 
earth had evidently moved like a fluid in currents, which must 
be assumed to have been directed first downward, then hori- 
zontally, and lastly upward. It was found necessaiy to ap- 
peal to the Audiencia, or Coimcil of Justice, to decide upon 
the contentions that arose regarding the proprietorship of ob- 
jects that had been removed to a distance of many hundred 
toises. 

In countries where earthquakes are comparatively of much 
less frequent occurrence (as, ibr instance, in Southern Europe), 
a very general belief prevails, although unsupported by the 
authority of inductive reasoning,* that a calm, an oppressive 

* Even in Italy they have begun to observe that earthquakes are un- 
connected with the state of the weather, that is to say, with the appear- 
ance of the heavens immediately before the shock. The numerical re- 
sulu of Friodrich Iloirmanu {HiiUerlauene Werke, bd. ii., 366-375) ex- 
actly correspond with the experience of the Abbate Scina of l*alormo. 
I have myself several times observed reddish clouds on the day of an 
earthquake, and shortly before it; on the 4th of November, 1799, 1 ex- 
iHiriouced two sharp shocks at the moment of a loud clnp of thunder. 
{Hdai, Ilisi,, liv. iv., chap. 10.) The Turin physicist, Vussalli Eaiidi, 
observed Volta's eloctroinotor to be strongly agilutcd during the pro- 
tracted earthquake of Pignerol, which lasted from the 2d of April to 
the 17th of May, 1808; Journal de Phytique, t. Ixvii., p. 291. But 
these indications presented by clouds, by modifications of atmospheric 
electricity, or by calms, can not be reganied as generally or neee$saril¥ 
connected with earthquakes, since in Quito, Peru, ana Chili, as well 
as in Canada and Italy, many earthquakes are observed along with the 
purest and clearest skies, and with the freshest land and sea breezes. 
But if no meteorological phenomenon indicates the coming earthquake 
either on the morning of the shock or a few days previously, the iuflu> 
ence of certain periods of the jear (the vernal and autumnal equinoxes), 
the commencement of the ramy season in tha tropics after long drought, 
tnd the chanse of the monsoons (according to general belief), can not 
bo overiooked, even though the eenetic connection of meteorological 
processes with those going on in the interior of our globe is still envel- 
oped in obscurity. Numerical innuiries on the distribution of curtli- 
nualces throughout tlio cuumu of tiio vuur, such as those of Von IlolT, 
returMerian.uud Friudrioh liofiiuaun,l»omr testimony to their frequency 
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leat, and a misty horizon, aro always the forcranners of this 
|)hoiiotnciioii. Tho fallnoy of Uiis iiopiilar opinion is not only 
rofutcd by my own ox|)cricnco, but likowiso by tlio obsorvationa 
of all those who havo lived many years in districts where, as 
in Cumaaa, Quito, Peru, and Chili, the earth is frequently 
and violently agitated. I have felt earthquakes in clear air 
and a fresh east wind, as well as in rain and thunder storms. 
The regularity of the horary changes in the declination of the 
magnetic needle and in the atmospheric pressure remained un 
disturbed between the tropics on the days when earthquakes 
occurred.* These facts agree with the observations made by 
Adolph Erman (in the temperate zone, on the 8th of March, 
1829) on the occasion of an earthquake at Irkutsk, near the 
Lake of Baikal. During the violent earthquake of Cumana, 
on the 4th of November, 1799, I found the declination and 
tho intensity of tho magnetic force aliko unchanged, but, to 
my surprise, th^ inclination of the needle was diminished aboat 
4B'.t There was no ground to suspect an error in the calca- 
lation, and yet, in the many other earthquakes which I have 
experienced on the elevated plateaux of Quito and Lima, the 
inclination as well as the otner elements of terrestrial mag* 
netism remained always unchanged. Although, in general, 
the processes at work within the interior of the earth may not 
be announced by any meteorological phenomena or any special 
ap{)caranc^ uf the sky, it is, on tho contrary, not improbable, 
as wo shall soon see, that in coses of violent earthquakes sonio 
odbct may bo imparted to the atmosphere, in consequence of 
which they can not always act in a purely dynamic manner. 

ftt the periods of the equinoxes. It is singnlar that Pliny, at the end of 
his Ikncifal theory of earthquakes, names the entire frightful phenom* 
enon a subterranean storm ; not so mach in consequence of the rolling 
sound which frequently accompanies the shock, as because the elattio 
forces, concussive by thoir tcusion, accumulate in tho interior of tho 
earth when thoy are absent in the atmosphoro ! " Vcntos in causa esse 
nou dubium rcor. Noquo euim unnuam iutromiscunt tome, nisi so|nlo 
man, coclo(|oe acleo tranquillo, ut volatus avium uon ponJoaut, subtracto 
umni spiritu qui vehit; nee unqnam nisi post voutus conditos, scilicet 
in venas et cavemas ejus occuito afiUtu. Nonue aliud est in tarni 
tremor, quam in nube tonitnium; nee hiatus almd quam cum fnlmeii 
emmpit, incluso spiritu loctante et ad libertatem exire nitente.** (Pliii., 
ii., 79.) The germs of almost every thing that lias been obsenred or 
imagined on the causes of earthquakes, up to the present day, may b« 
found in Seneca, Nai. Qtutal.^ vi., 4«31. 

* 1 have given proof that the coarse of the horary variatioos of the 
oaroroeter is not oflfected bofuro or after earthquakes, in my Rtlmi, HUtn 
t i., p. 311 and 513. 

t Unnboldt, RtUi. Hid., L i., p. 515-517. 
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Daring the long-continued trembling of the ground in the 
Piedmontese valleys of Pelis and Clusson, the greatest changes 
in the electric tension of the atmosphere were observed while 
the sky was cloudless. The intensity of the hollow noise which 
generally accompanies an earthquake does not increase in the 
•same degree as the force of the oscillations. I have ascertain- 
ed with certainty that the great shock of the earthquake of 
Riobamba (4th Feb., 1797)---one of the most fearful phenom- 
ena recorded in the physical history of our planet — was not 
accompanied by any noise whatever. The tremendous noise 
(d ffran ruulo) which was hoard below the soil of tho cities 
of (juilo and Ibarra, but not at Tacunga and Ilambato, near- 
er the center of the motion, occurred between eighteen and 
twenty minutes after the actual catastrophe. In the cele- 
brated earthquake of Lima and Callao (28th of October, 
1746), a noise resembling a subterranean thunder-clap was 
heard at Truxillo a quarter of an hour after the shock, and 
unaccompanied by any trembling of tho ground. In like 
manner, long after tho great oartliquako in Now Granada, on 
the IGth of November, 1827, described by Boussingault, sub- 
terranean detonations were heard in the whole valley of Cauca 
during twenty or thirty seconds, unattended by motion. The 
nature of the noise varies also very much, being either rolling, 
or rustling, or clanking like chains when moved, or like near 
thunder, as, for instance, in the city of Quito ; or, lastly, clear 
and ringing, as if obsidian or some other vitrified masses were 
struck in subterranean cavities. As solid bodies are excellent 
conductors of sound, which is propagated in burned clay, for 
instance, ten or twelve times quicker than in the air, the sub- 
terranean noise may bo heard at a groat distance from the 
place where it has originated. In Caraccas, in the grassy 
plains of Calabozo, and on the^ banks of the Rio Apure, which 
falls into tho Orinoco, a tremendously loud noise, resembling 
thunder, was heard, unaccompanied by on earthquake, over 
a district of land 9200 square miles in extent, on the 30th of 
April, 1812, while at a distance of G32 miles to the north- 
east, the vo.cano of St. Vincent, in tho small Antilles, poured 
forth a copious stream of lava. With respect to distance, this 
was as if an eruption of Vesuvius had been heard in the north 
of France. In the year 1744, on the great eruption of the 
volcano of Cotopaxi, subterranean noises, resembling the dis- 
charge of cannon, were lieard in Honda, on the Magdalena 
River. The crater of Cotopaxi lies not only 18,000 feet high- 
er than llonda, but these two points are separated by the co- 
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lo«al mountain chain of Quito, Pasto, and Popayan, no leu 
than by numorouB valloys and clefts, and thoy arc 43G milei 
apart. The sound was certainly not propagated through the 
air, but through the earth, and at a great depth. During the 
violent earthquake of New Granada, in February, 1835, sub- 
terranean thunder was heard simultaneously at Popayan, Bo- 
gota, Santa Marta, and Caracoas (where it continued for seven 
hours without any movement of the grround), in Haiti, Jamai 
•a, and on the Lake of Nicaragua. 

These phenomena of sound, when unattended by any per^ 
ceptible shocks, produce a peculiarly deep impression even on 
persons who have lived in countries where the earth has been 
urequently exposed to shocks. A striking and unparalleled in- 
stance of uninterrupted subterranean noise, unaccompanied by 
any trace of an earthquake, is the phenomenon known in tlie 
Mexican elevated plateaux by the name of the " roaring and 
the subterranean thunder" (bramidos y truenos sublerraneos) 
of Giianaxuato.* This celebrated and rich mountain city 
lies far removed from any active volcano. The noise began 
about midnight on the 9th of January, 1784, and continued 
far a month. I have been enabled to give a circumstantial 

* On the brawtidoM of Goanaxuato, aee my E$»tti Polii. nrr la Nomf, 
E»pagn€, t. i., p. 303. The subterranean noiae, unaccompanied with 
any appreciable tlKick, in the deep mines and on the turiace (the town 
oTQuanaxnnto lies G830 foct obove the lovol of tlio lofi), was not heard 
fai the neighboring elevated plains, but only in the mountainoua parts 
of the Sierra, from the Onesta de los Acuilares, near Morfil, to Uio north 
of Santa Rosa. There wero individual jparts of the Siorra 24-S8 miloa 
northwest of Gnanaxuato, to the other side of Ohichimeqnillo, near tlio 
boiling spring of San Jos6 do Comangillas, to which the waves of sound 
did not extend. Extremely stringent measures were adopted by the 
magistrates of the larse mountain towns on the 14th of January, 1784, 
when the terror produced by these subterranean thunders was at its 
height " The flight of a wealthy family shall be punished with a fine 
of 1000 piastors, and tliat of a |Hxir family with two months' imprison* 
mont. Tho militia shall bring Iwirk the fiigitivos." One of tho most 
romarkablo poinia niMMit tho wIhiIo affnir is tlio opinion which tho iiiai^ 
istmtos (ol caliildo) choriphod of their own sii|)orior knowlodco. In 
one of their procUnruUt I find tho expression, ** Tho magistmtcs, m their 
wisdom (en so sabiduria), will at once know when there is actual dan* 
sor. and will give orders for flight ; for the present, let processions b« 
tnstituted.'* The terror excited by the tremor cave rise to a famine, 
since it prevented the importation of corn from um table-lands, where 
h abounded. The ancie|^ts were also aware that noises sometimes ex* 
kted without earthquakes.— Aristot., Metmfr., ii., p. 803 ; Plin., ii., 80. 
Tho singular noise tliat was heard from Mareh, 1822, to September. 
1884, in the Dalmatian island Meleda (sixteen miles from Ragusa), and 
oa which Partsch has thrown much light, was ooearionally aooompaniad 
byibocka. 
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description of it from the report of many witnesses, and from 
the documents of the municipality, of which I was allowed to 
make use. From the 13th to the 16th of January, it seemed 
to the inhabitants as if heavy clouds lay beneath their feet, 
from which issued alternate slow rolling sounds and short, 
quick claps of thunder. The noise abated as gradually as it 
had begun. It was limited to a small space, and was not 
heard in a basaltic district at the distance of a few miles. 
Almost all the inhabitants, in terror, left the city, in which 
largo masses of silver ingots were stored ; but the most cour- 
ageous, and those moro accustomed to subterranean thunder, 
soon returned, in order to drive off the bands of robbers who 
had attempted to possess themselves of the treasures of the 
city. Neither on the surface of the earth, nor in mines 1600 
feet in depth, was the slightest shock to be perceived. No 
similar noise had over before been heard on the elevated table- 
land of Mexico, nor has this torrifio phouoniouon siuco ocourrod 
thoro. Thus cluIU aro opened or closed in llio interior of tho 
uartli, by wliich waves of sound ^)ouotrato to iis or aro impeded 
in their propagation. 

The activity of an igneous mountain, however terrific and 
picturesque the spectacle may be which it presents to our con- 
templation, is always limited to a very small space. It is far 
otherwise with earthquakes, which, although scarcely per- 
ceptible to the eye, nevertheless simultaneously propagate- their 
waves to a distance of many thousand miles. The great 
earthquake which destroyed the city of Lisbon on the 1st of 
November, 1755, and whose eflects were so admirably investi- 
gated by the distinguished philosopher Emmanuel Kant, was 
felt in the Alps, on the coast of Sweden, in the Antilles, An- 
tigua, Barbadoes, and Martinique ; in the great Canadian 
Lakes, in Thuringia, in tho flat country of Northern Ger- 
many, and in the small inland lakes on the shores of the Bal- 
tic.*" Ilemote springs were interrupted in their flow, a phe- 
nomenon attending earthquakes which had been noticed among 
the ancients by Demetrius the Callatian. The hot springs of 
Toplitz dried up, and returned, inundating every thing around, 
and having their waters colored with iron ocher. In Cadiz 

* [It has been computed that the shock of this earthquake pervaded 
an area of 700,000 miles, or the twelfth part of the circumference of the 
globe. This dreadful shock lasted only hvo minutes: it happened about 
nine o'clock in tho morninc of the Feast of All Saints, when almost the 
whole ponultttion was wiuiiu tho ohuruhus, owinu to which ciroum« 
stance no loss tluiu 30,000 persons perished by the mil of these ediUces. 
Bee Daubonoy On Volcanoes, p. 514-517.]-^Tr 
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fhe sea rose to an elevation of sixty-four feet, while in the An- 
tilles, where the tide usually rises oulv from twenty-six to 
twenty-eight inches, it suddenly rose above twenty feet, the 
water being of an inky blackness. It has been computed that 
on the Ist of November, 1765, a portion of the Earth's sur- 
face, four times greater than that of Europe, was simultane- 
ously shaken. As yet there is no manifestation offeree known 
to us, including even the murderous inventions of our own 
race, by which a greater number of people have been killed in 
the short space of a few minutes : sixty thousand were de- 
stroyed in Sicily in 1G93, from thirty to forty thousand in the 
earthquake of Riobaniba in 1797, and probably five times as 
many in Asia Minor and Syria, under Tiberius and Justinian 
the elder, about the years 19 and 526. 

There are instances in which the earth has been shaken (or 
many successive days in the chain of the Andes in South 
America, but I am only acquainted with the following cases 
in which shocks that have been felt almost every hour (or 
months together have occurred far from any volcano, as, for 
instance, on the eastern declivity of the Alpine chain of Mount 
Cenis, at Fenestrelles and Pignerol, from April, 1808 ; be- 
tween New Madrid and Little Prairie,* north of Cincinnati, 
in the United States of America, in December, 1811, as well 
as through the whole winter of 1812 ; and in the Paohalik of 
Alop]K>, in the months of August and Soptonibcr, 1822. At 
tho moss of the [Kx>plo are seldom able to riso to genoral views, 
and are consequently always dis|X)sod to ascribe great phe- 
nomena to local tollurio and atmospheric processes, wlicrovor 
the shaking of the earth is continued for a long time, fears of 
the eruption of a new volcano are awakened. In some few 
cases, this apprehension has certainly proved to be well g^und- 
ed, as, for instance, in the sudden elevation of volcanic islands, 
and as wo see in the elevation of tho volcano of Jorullo, a 
mountain elevated 1084 foot above the ancient level of tho 
neighboring plain, on the 29th ofSoptcniber, 1759, afler ninety 
days of earthquake and subterranean thunder. 

If we could obtain information regarding the daily condi- 
tion of all the earth's surface, we should probably discover that 
the earth is almost always undergoing shocks at some point 
of its superficies, and is continually influenced by the reaction 

* Drmke, Nai. and Stalut. View of Cineimn/tii, p. 232-238; Mitchell, 
in the Tram9aetums of the Lit, and PkHo§. Soe. of New York, vol. i.. p. 
1 8 1-308. In the Piedmoiitese county of Pignerol, glaatet of wmtar. filled 
to tb# very brim* exhibited for lionr* • ooiitinnont motion. 
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of the interior on the exterior. The frequency and general 
prevalence of a phenomenon which is prohahly dependent on 
the raised temperature of the deepest mollcu strata explain 
its hidependence of the nature of the mineral masses in which 
it manifests itself. Earthquakes have even heen felt in the 
loose alluvial strata of Holland, as in the neighborhood of Mid- 
dleburg and Vliessingen on the 23d of February, 1 828. Gran* 
ite and mica slate are shaken as well as limestone and sand- 
stone, or as trachyte and amygdaloid. It is not, therefore, the 
cliemical nature of the constituents, but rather the mechanical 
structure of the rocks, which modifies the propagation of the 
motion, the wave of commotion. Where this wave proceeds 
along a coast, or at the foot and in the direction of a mountain 
chain, interruptions at certain points have sometimes been re- 
marked, which manifested themselves during the course of 
many centuries. The undulation advances in the depths be- 
low, but is never felt at the same points on the surface. The 
Peruvians* say of these unmoved upper slrata that " they 
form a bridge.** As the mountain chains appear to be raised 
on fissures, the walls of the cavities may perhaps favor the di- 
rection of undulations parallel to them ; occasionally, however, 
the waves of commotion intersect several chains almost per 
pendicularly. Thus we see them simultaneously breaking 
through the littoral chain of Venezuela and the Sierra Parime. 
In Asia, shocks of earthquakes have been propagated from 
Lahore and from the foot of the Himalaya (22a of January, 
1832) transversely across the chain of the Hindoo Chou to 
Badakschan, the upper Oxus, and even to Bokhara.! The 
circles of oommotiou unforlunately expand occasionally in con- 
sequence of a single and unusually violent earthquake. It is 
only since the destruction of Cumana, on the 14th of Decem- 
ber, 1797, that shocks on the southern coast have been felt in 
the mica slate rocks of the peninsula of Maniquarez, situated 
opposite to the chalk hills of the main land. The advance 

* In Spanish the j say, rocas que hacen pxunte* With this phenome- 
non of non-propagatiou through soperior strata is connected the remark 
able fact that m the beginning of this century shocks were felt in the 
deep silver mines at Marienberg, in the Saxony mining district, while 
not the lightest trace was perceptible at the surface. The miners 
ascended in a state of alarm. Conversely, the workmen in the mines 
of Falun and Persberg felt nothing of the shocks which iu November, 
1823, spread dismay among the iunabiiants above ground. 

t Sir Alex. Barnes, Travels in Bokhara^ vol. i., p. 18; and Wathen, 
Mem. on the UtbekStatc^ in Uie JourN^/ of (he AMiaiie Society of Bengal, 
vol. ili., p. 337. 
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from south to north was very striking in the ahnott unintar- 
rupted undulations of the soil in the alluvial valleys of the Mi»- 
sissippi, the Arkansas, and the Ohio, from 1811tol813. It 
seemed here as if subterranean obstacles were gradually over- 
come, and that the way being once opened, the undulatorj 
movement could be freely propagated. 

Although earthquakes appear at first sight to be simply dy* 
namio phenomena of motion, we yet discover, from well-at- 
tested facts, that thoy are not only able to elevate a whole dit- 
trict above its ancient level (as, for instance, the Ulla Bund, 
after the earthquake of Cutch, in June, 1619, east of the 
Delta of the Indus, or the coast of Chili, in November, 1822), 
but we also find that various substances have been ejected dup> 
ing the earthquake, as hot water at Catania in 1618 ; hot 
steam at Now Madrid, in the Valley of tho Mississippi, in 
1612 ; irrcspirablo gases, Mofdlci^ which injured tho floeki 
grazing in tho chain of the Andes ; mud, black smoke, and 
even flames, at Messina in 1781, and at Cumana on the 14th 
of November, 1797. During the great earthquake of Lisbon, 
on the 1st of November, 1765, flames and columns of smoke 
were seen to rise from a newly-formed fissure in the rock of 
Alvidras, near the city. The smoke in this case became more 
dense as the subterranean noise increased in intensity.* At 
the destruction of Riobamba, in the year 1797, when the 
shocks wcro not attended by any outbreak of tho noighboring 
volcano, a singular mass called tho Moya was uplifled from 
the earth in numerous continuous conical elevations, the whole 
being composed of carbon, crystals of augite, and the silieioas 
shields of mfusoria. The eruption of carbonic acid gas from 
fissures in the Valley of the Magdalene, during the earthquake 
of New Granada, on the 16th of November, 1627, sufibcated 
many snakes, rata, and other animals. Sudden changes of 
weather, as the occurrence of the rainy season in the tropics, 
at an unusual period of the year, have sometimes succeeded 
violent earthquakes in Quito and Pom. Do ^oaoons fluids rise 
from the interior of the earth, and mix with the atmosphere f 
or are these meteorological processes the action of atmospherio 
electricity disturbed by the earthquake 1 In the tropical re- 
gions of America, where sometimes not a drop of rain falls for 
ten months together, the natives consider the repeated shoeks 
of earthquakes, which do not endanger the low reed hnta, as 
aos|iioious harbingers of fruitfulncss and abundant rain. 

* PAtlM. rr««MK<., vol. jlUx. p. 414. 
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The intimate connection of the phenomena which we haTi 
considered is still hidden in ohscurity. Elastic fluids are douht 
lessly the cause of the slight and perfectly harmless tremhling 
of the earth's surface, which has often continued several dayi 
(as in 1816, at Scaccia, in Sicily, before the volcanic eleva- 
tion of the island of JuHa), as well as of the terrific explosion! 
accompanied by loud noise. The focus of this destructive agent, 
tho scat of the moving force, lies far below the earth's surface ; 
but wo know as little of the extent of this depth as we know 
of the chemical nature of these vajiors that are so highly com^ 
pressed. At tho edges of two craters, Vesuvius, and the tow 
ering rock which projects beyond the great abyss of Fichin* 
oha, near Quito, I have felt })eriodic and very regular shocks of 
earthquakes, on each occasion from 20 to 30 seconds before 
the burning scoriea or gases were erupted. The intensity of 
the shocks was increased in proportion to the time interven- 
ing between them, and, consequently, to the length of time 
in which the vapors were accumulating. This simple fact, 
which has been attested by the evidence of so many travelers, 
furnishes us with a general solution of the phenomenon, in 
showing that active volcanoes are to be considered as safety- 
valves for the immediate neighborhood. The danger of earth- 
quakes increases when the openings of the volcano are closed, 
and deprived of free conmiunication with the atmosphere ; but 
the destruction of Lisbon, of Caraccas, of Lima, of Cashmir in 
1554,* and of so many cities of Calabria, Syria, and Asia Mi- 
nor, shows us, on the whole, that the force of the shock is not 
the greatest in the neighborhood of active volcanoes. 

Ajb the impeded activity of the volcano acts upon the shocks 
of tho earth's surface, so do tlie latter react on tho volcanic 
phenomena. Openings of fissures favor the rising of cones of 
eruption, and tho processes which take place in these cones, 
by ibrming a free coinmuuicatioii with the atmosphere. A 
column of smoke, which had been observed to rise lor months 
together from the volcano of Paste, in South America, sud- 
denly disappeared, when, on the 4th of February, 1797, the 
province oi' Quito, situated at a distance of 192 miles to the 
south, suflcred from the great earthquake of Riobamba. Afler 
the earth had continued to tremble for some time through- 
out the whole of Syria, in the Cyclades, and in Eubcsa, the 
shocks suddenly ceased on the eruption of a stream of hot mud 

* Od the frequency of earthquakes in Oashmir, see Troyer** QormaL 
traunlutiuii of tho ancient Radjataringinit vul. ii., p. 297, and Carl f 
HOgol, lUisen, bd. ii., •. 184. 
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on the Lelaniine plains near Chalcis.* The intelligent geog^ 
rapher of Amatea, to whom we are indebted for the notice of 
this circumfltanoc, further remarks : " Since the craters of ^tna 
have been opened, which yield a passage to the escape of fire, 
and since burning masses and water have been ejected, the conn- 
tiy near the sea-shore has not been so much shaken as at the 
time previous to the separation of Sicilv from Lower Italy, when 
all communications with the external surface were closed." 

We thus recognize in earthquakes the existence of a vol- 
canic force, which, although every where manifested, and as 
generally difiused as the internal heat of our planet, attains 
ut rarely, and then only at separate points, sufficient intensity 
to exhibit the phenomenon of eruptions. The formation of 
veins, that is to say, the filling up of fissures with crystalline 
masses bursting forth from the interior (as basalt, molaphyro* 
and grcciistono), gradually disturbs the froo intercommuniev 
tioii of elastic vapors. This tension acts in throe diflbrent 
ways, either in causing disruptions, or sudden and retrovened 
elevations, or, finally, as was first observed in a great part of 
Sweden, in producing changes in the relative level of the sea 
and land, which, although continuous, aro only appreciable at 
intorvab of long period. 

Before we leave the important phenomena which we have 
considered, not so much in their individual characteristics as 
in their general physical and geognostical relations, I would 
advert to the deep and peculiar impression lo(\ on the mind by 
the first earthquake winch we experience, even where it is not 
attended by any subterranean noise.t This impression is not, 

* Strtbo, lib. i., p. 100, Cataob. That the expreation wiiXo^ diaw^ 

pov mrofaSv does not menn emptad mad, but larm, is obvioiu from a 

vym%e in Strabo, lib. vi., p. 412. Oompare Walter, in hit AhnaKtrnt der 

VmlkanUeken Tkdtigkeit m HitUyrueken Zeiiem (On the Decreaae of Vol- 

canio Activity daring Hiftorical Timet), 1844, t. 25. 

t [Dr. Ttchndi, in hb interetting work, Travels t» Perv, trantlatad 
from the German by Thomatina Rota, p. 170, 1847, dntcribot ttriktng- 
ly tlio eflect of an oartliqiiAko upon the native au«l upon the stranger. 
** No familiarity witli the phennmenon can blnnt this feeling. Tlie in- 
habitant of Lima, who from childhood hat froqnenlly witnosMxl tl»ra« 
ocmvulsions of nature, is roused from his sleep by the sliock, and rushes 
from hb apnrtment with the cry of MiiMrk^^iia ! The foreigner from 
the north of Europe, who knows nothing of earthquakes but by descrip 
tion, waits with impatience to feel the movement of the earth, and kmga 
to bear with his own ear the subterranean sounds which he has hitherto 
ooasidered fabulous. With levitj he treats the apprehension of a eom> 
ioff ooQvnlsion, and laughs at tlio fcari of the natives : but, as soon an hia 
wish is gratified, he is terror-stricken, and is involuntarily prompted It 
•odL nfety in flighL'*]— TV. 
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in my opinion, the result of a recollection of those fearful pic* 
tures of devastation presented to our imaginations by the his-' 
torical narratives of the past, but is rather due to the sudden 
revelation of the delusive nature of the inherent faith by which 
we had clung to a belief in the immobility of the solid parts 
of the earth. We are accustomed from early childhood to 
draw a contrast between the mobility of water anl the im- 
mobility of the soil on which we tread ; and this feeling is con- 
firmed by the evidence of our senses. When, therefore, we 
suddenly feel the ground move beneath us, a mysterious and 
natural force, with which we are previously unacquainted, is 
revealed to us as an active disturbance of stability. A moment 
destroys the illusion of a whole life ; our deceptive faith in the 
repose of nature vanishes, and we feel transported, as it were, 
into a realm of unknown destructive forces. Every sound — 
the faintest motion in the air — arrests our attention, and we 
no longer trust the ground on which wo stand. Animals, es- 
pecially dogs and swine, participate in the same anxious dis- 
quietude ; and even the crocodiles of the Orinoco, which are 
at other times as dumb as our Uttlo lizards, leave the trem- 
bling bed of the river, and run with loud cries into the adjacent 
forests. 

To man the earthquake conveys an idea of some universal 
and unlimited danger. We may flee from the crater of a vol- 
cano in active eruption, or from the dwelling whose destruc- 
tion is threatened by the approach of the lava stream ; but in 
an earthquake, direct our flight whithersoever we will, we still 
feel as if we trod upon the very focus of destruction. This con- 
dition of the mind is not of long duration, although it takes its 
origin in the deepest recesses of our nature ; and when a sc- 
ries of faint shocks succeed one another, the inhabitants of the 
country soon lose every trace of fear. On the coasts of Peru, 
where rain and hail are unknown, no less than the rolling 
thunder and the flashing lightning, these luminous explosions 
of the atmosphere are replaced by the subterranean noises 
which accompany earthquakes.* Long habit, and the very 

* [" Along the whole coast of Peni the atmosphere is almost uni« 
formly in a state of repose. It is not illominated by the lightning's flash, 
or disturbed bj the roar of the thonder; no deluges of rain, no fierce 
hurricanes, destroy the fruits of the fields, and witn them the hopes of 
the husbandman. But the mildness of the elements above ground is 
frightfully counterbalanced by their subterranean fury. Lima is fre 
quently visited by earthquakes, and several times the city has been 
raduceu to a mass of ruins. At an average, forty-five shocks may bo 
counted on in the year. Most of them occur in the latter part of Octo* 
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SieTalent opinion thftt dangerous shocks aro only to be appfo- 
onded two or throe times in the course of a century, cause 
faint oscillations of the soil to be regarded in Lima with scarce- 
ly more attention than a hail storm in the temperate zone. 

Having thus taken a general view of the activity — ^the 
inner life, as it were— of the Earth, in respect to its internal 
heat, its electro-magnetic tension, its emanation of light at the 
poles, and its irregnlarly-recurrinff phenomena of motion, we 
will now proceed to the consideration of the material products, 
the chemical changes in the earth's surface, and the composi- 
tion of the atmosphere, which are all dependent on planetary 
vital activity. We see issue from the ground steam and 
gaseous carbonic acid, almost always free from the admixture 
of nitrogen ;* carbureted hydrogen gas, which has been used 
in the Chinese province Sso-tschuanf for several thousand 
years, and recently in the village of Fredonia, in the State of 
New York, United States, in cooking ^d for illumination ; 
sulphureted hydrogen gas and sulphurous vapors ; and, more 
rarely,! sulphurous and hydrochloric acids.f Such eflusions 

b^r, in November, December, Janamir, Mar, ond Jane. Experience 
givef reeaon to expect the visitation of two desolating earthquakes in a 
century. The penod between the two is from fortr to sixtj years. The 
most considerable catastrophes experienced in Lima since Europeans 
have visited the west coast of South America happened in the yean 
1586, 1630, 1687, 1713, 1746, 1806. There is reason to fear that in the 
couree of a few years this city may be tlie prey of another saoli visits 
tioii.*'— Tschudi, op. ciLj—^V. 

* Discliofs comnrohonsive work, WdnmeUirt de» innertm Erdkdrp9r$. 

t On the Artesian fire-spriogs (llo*tsing) in Ohina, and the ancient 
*ise of portable gas (in bamboo canes) in tne city of Khinng-tsheo, see 
Klaproth, in my Atie CttUraUt t. iii., p. 519-530. 

t Boussiogault {AmnaUa de Ckimie, t Iii., p. 181) observed no evolu- 
tion of hvdrochloric acid from the volcanoes of Flew Qranada, while 
Monticelu found it in enormous quantity in the emption of Vesuvius in 
1813. 

f [Of the gaseous compounds of sulphur, one, snlphorous acid, ap- 
pears to predominate chiefly in volcanoes posses s ing a certain degree 
of activity, while the other, sulphureted hydrogen, has been most fre> 
quently perooivcd among those in a dormant oondition. The oocufw 
renoe of abundant exhalations of sulphuric acid, which have been hith 
erto noticed chiefly in extinct volcanoes, as, kt instance, in a stream 
issuing from that of Purac6, between Dogota and Quito, from extinct 
volcanoes in Java, is satisfactorily explained in a recent ptper bv If. 
Dumas, AnnaUt ds Ckimit, Dec., 1846. He shows that when sulphu- 
reted hydrogen, at a temperaturo above 100^ Fahr., and still better 
when near 190^, comes in contact with certain porous bodies, a cata- 
lytic action is set up, bv which water, sulphuric acid, and sulphur are 
produced. Hence prooably the vast deposits of sulphur, associated 
with sulphates of fime and strontiaa, which ire met with in the 
western parts of Sicily. ]^7*r. 

Vol. I. — ^K. 
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from the fiasures of the earth not only occur in the diitricta 
of Btill burning or long-extinguished volcanoes, but they may 
likewise bo observed occasionally in districts where neither 
trachyte nor any other volcanic rocks are exposed on the 
earth s surface. In the chain of Quindiu I have seen sul- 
phur deposited in mica slate from warm sulphurous vapor 
at an elevation of 6832 feet*' above the level of the sea, 
while the same species of rock, which was formerly regarded 
as primitive, contains, in the Cerro Cucllo, near Tiscan, south 
of Quito, an immense deposit of sulphur imbedded in pure 
quartz. 

Exhalations of carbonic acid {mofettes) are even in our days 
to be considered as the most important of all gaseous emana- 
tions, with respect to their number and the amount of their 
effusion. We see in Germany, in the deep valleys of the 
Eifel, in the neighborhood of the Lake of Laach,t in the 
crater-like valley of the Wehr and in Western Bohemia, ex- 
halations of carbonic acid gas manifest themselves as the last 
oflbrts of volcanic activity in or near the foci of an earlier 
world. In those curlier periods, when a higher terrestrial 
temperature existed, and when a great number of fissures 
still remained unfilled, the processes we have described acted 
more powerfully, and carbonic acid and hot steam were mixed 
in larger quantities in the atmosphere, from whence it follows, 
as Adolph Brongniart has ingeniously shown^ that the primi 
tive vegetable world must have exhibited almost every where, 
and independently of geographical position, the most luxurious 
abundance and the fullest development of organism. In these 
constantly warm and damp atmospheric strata, saturated with 

* Humboldt, Reeueil d^Obterv. Aslronomiquei, t. i., p. 311 (NiveUe 
ment Baromitrique de la CordUUre de§ Andtt, No. 206). 

t [The Lake of Laach, in the district of the Eifel, is an expanse of 
water two miles in circumference. The thickness of the vegetation on 
the sides of its crater-like basin renders it difficult to discover the nature 
of the subjacent rock, bat it is probably composed of black cellular 
aagitic lava. The sides of the crater present numerous loose masses, 
which appear to have been ejected, and consist of glassy feldspar, ice- 
spar, sooalite, hnuyne, spineflane, and leuoito. The rosemblunco be- 
tween these products and the masses formerly ejected from Vesuvius is 
most remarkable. (Daubeney On VolcanoeM, v. 81.) Dr. Hibbert re- 
gards the Lake of Loach as formed in the first instance by a crack 
caused by the coolins of the crust of the earth, which was widened 
afterward into a circular cavity by the expansive force of elastic vufxirs. 
Bee Hitiory of the Extinct Voleanoe$ of the Batin of Neuwied, 1832.} 
— Tr. 

I Adolph Drongaiart, iu the Annalu dei Sciencei NaturdUi, t. xv., 
p. 225. 
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earbonio acid, vegetation must haTO attained a degree of vital 
activity, and derived the Buporabundanee of nutrition nece«ary 
to furnish materials for the formation of the beds of lignite 
(coal), constituting the inexhaustible means on which are based 
ttie physical power and prosperity of nations. Such masses 
are distributed in basins over certain parts of Europe, occurs 
ring in largo quantities in the British Islands, in Belgium, in 
France, in tho provinces of the Lower Rhine, and in Upper 
Silesia. At tho same primitive period of universal volcanic 
activity, those enormous quantities of carbon must also have 
escaped from the earth which are contained in limestone 
rocks, and which, if separated from oxygen and reduced to a 
solid form, would constitute about the eighth part of the abso- 
lute bulk of these mountain masses.* That portion of the 
carbon which was not taken up by alkaline earths, but re- 
mained mixed with the atmosphere, as carbonic acid, was 
gradually consumed by the vegetation of the earlier stages of 
the world, so that the atmosphere, a(\er being purified by the 
processes of vegetable life, only retained the small quantity 
which it now possesses, and which is not injurious to the 
present organization of animal life. Abundant eruptions of 
sulphurous vapor have occasioned the destruction of the spe- 
cies of mollusca and fish which inhabited the inland waters of 
the earlier world, and have given rise to the formation of tho 
conlorlod bods of gy|isnrn, which have doubtless boon fro- 
qucntly a fleeted by shocks of earthquakes. 

Gaseous and liquid fluids, mud, and molten earths, ojoctod 
from tho craters of volcanoes, which arc themselves only a 
kind of " itUermittetU springs,** rise from the earth under pre- 
cisely analogous physical relations.! AH these substances owe 
their temperature and their chemical character to the place 
of their origin. The mean temperature of aqueous springs is 
less than that of the air at the point whence they emerge, if 
the water flow from a height ; but their heat increases with 
the depth of the strata with which thev arc in contact at their 
origin. We have already spoken of the numerical law regu- 
lating this increase. The blending of waters that have come 
from the height of a mountain with those that have sprung 
from the depths of the earth, render it difRoult to determine 
the position of the isogeoUiermal linest (lines of equal internal 

* Ditchof, np. rit., s. 334, Anin. 3. 
t liuiiiboldt, A§ie Ceniraie, t i., ti. 43. 

t Oil the theorj of MOfreothemial (chthonisoUiermal) linat, oootalt th« 
iDgooKNia labori of KofAer, in Pogg., AmnmUn, bd zt., ■. i$4, tad bd 
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terrestrial temperature), when this determination is to ba 
made from the temperature of flowing springs. Such, at any 
rate, is the result I have arrived at from my own ohservationt 
and those of my fellow-travelers in Northern Asia. The 
temperature of springs, which has become the subject of such 
continuous physical investigation during the last half century, 
depends, like the elevation of the line of perpetual snow, on 
very many simultaneous and deeply- involved causes. It is a 
function of the temperature of the stratum in wliich they take 
tlicir rise, of the spcci/lc heat of the soil, and of tlie quantity 
and temperature of the meteoric water,* which is itself dif- 
ferent from the temperature of the lower strata of the atmoft- 
phcrc, according to the diflerent modes of its origin in rain, 
6U0W, or hail.t 

Cold springs can only indicate the mean atmospheric tem- 

xzxii., a. 270, in the Voyage dans POural, p. 382-398, and iu the 
Edinburgh Journal oj Seieneef New Series, vol. iv., p. 355. See, also, 
Kfiintz, Lekrb, d§r Meleor.f bd. ii., b. 217 ; and, on the ascent of the 
chthouiw»ihurmal linen hi inuuntuinoui diBtiicts, Uischof, s. 174-198. 

* Luui>. V. Uiich, iu I'uffg., Annaten, bd. lii., •. 405. 

t Ou the tcinporuture of the drops of rain in Oumana, which fell to 
72^, when the temperature of the air shortly before had been 86^ and 
88^, and during the rain sank to 74°, see my Relat, Hi$t,, U ii., p. 22. 
The rain-drops, while falling, change the normal temperature they 
originally possessed, which depends on the height of the clouds from 
which they fell, and their heatmg on their upper surface by the solar 
rays. The rain-drops, on their first production, have a higher tempera^ 
turo than the surruundius medium in the superior strata of our atmos- 
phere, iu consequence oi the liberatiou of their latent heat ; and they 
ctinlinuu to rise in tomiMiraturo, since, in fulling thnmgh lower and 
warmer strata, vn|N)r is precipitutod on them, and they thus iucruaso iu 
size (Uischof, WdrmeUkre da inneren Erdkorpertf s. 73); but this ad- 
ditional heating is compensated for by eva|>oratiou. The cooling of the 
air by rain (putting out of the question what probably belongs to the 
electric process in storms) is effected by the drops, which are them- 
selves of lower temperature, in consequence of the cold situation in 
wiiich they were formed, and bring down with them a portion of the 
higher colder air, and which finally, by moistening the ground, give 
rise to evaporation. These are the ordinary relations of the phenome- 
nou. When, as occasionally happens, the ruin-drops are warmer than 
the lower strata of the atmosphere (Humboldt, Rel, Hist,, i. iii., p. 
513). the cause must probably be sought in higher warmer currents, or 
in a higher temperature of widely-extended and not very thick clouds, 
from the action of the sun's rays. How, moreover, the phenomenon of 
supplementary rainbows, which are explained by the interference of 
light, is connected with the original and increasing size of the falling 
drops, and how an optical phenomenon, if we know how to observe it 
accurately, may enlighten us regard inir a meteorological process, nc» 
cording tu diveiiiity of sumo, has been sYiown, with much talent and iu 
geniiity, by Amgo, in the Annuaire for 183G, p. 300. 
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poraturo when thoy are unmixod with tho waten rising from 
great depths, or dosceiiding from considerablo mountain eleva- 
tions, and when thoy have passed through a long eourse at a 
depth from the surface of the earth which is equal in our lati* 
tudes to 40 or 60 feet, and, according to Boussingault, to about 
one foot in the equinoctial regions ;* these being the depths at 
which the invariability of tho temperature begms in the tem- 
perate and torrid zones, that is to say, the depths at which 
horary, diurnal, and monthly changes of heat in the atmosphere 
cease to be perceived. 

Hot springs issue from the most various kinds of rocks. Tho 
hottest permanent springs that have hitherto been observed 
are, as my own researches confirm, at a distance from all vol- 
canoes. I will here advert to a notice in my journal of the 
Aguas Calientes de las Trincheras, in South America, between 
Porto Cabello i\nd Nueva Valencia, and the Agtias de Comart' 
gillas, in the Mexican territory, near Guanaxuato ; the for- 
mer of these, which issued from granite, had a temperature of 
194^-5; the latter, issuing from basalt, 205^*5. The depth 
)f the source from whence the water Rowed with this temper- 
ature, judging from what we know of the law of the increase 
of heat in the interior of the earth, was probably 7140 feet, 
or above two miles. If the universally-difllised terrestrial 
heat be tho causo of thermal springs, as of active volcanoes, 
the rocks can only exort an inlluonoo by their didbront oa^Hioi* 

* The profound invcttigationt of DouMingfialt fully convince me, that 
in the tropics, Uio toHiporatiire of llie grouiid, nta vury slight depth, oZr 
octlr corropponds with the mean temperature of the air. Tho follow 
ing instances are safficient to illustrate this fiict : 
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The doubts about the temperature of the earth within the tropics, of 
which I am prolNibly, in some degree, the caune, by my observationf 
on tlie Cave of Oaripe (Cneva del Ouacharo), Rel. Ifitt., L iii., p. 191- 
196), are resolved bv the consideration that 1 compered the presumed 
mean temperature ni the air of the convent of Oanpe, 65^*3, not with 
the temperature of the air of the cave, 65^*6, but witli tho tomperitnre 
of tlie sublcrrnticnn slrotim, 02^-3. although 1 oliservetl (Rrl, HiH; L 
iii., p. 146 ami 194) thnt inoitutniu wnlor from a grmt height might 
probably be mixed with the witter of th« cnvc 



222 COSMOS. 

ties for heat and by their conducting powers. The hottest of 
all i)ermanent springs (between 203° and 209°) are likewise, 
in a most remarkable degree, the purest, and such as hold in 
solution the smallest quantity of mineral substances. Their 
temperature appears, on the whole, to be less constant than 
that of springs between 122° and 165°, which in Europe, at 
least, have maintained, in a most remarkable manner, their 
invariability of Iteat and mineral canlenU during the last 
fifty or sixty years, a period in which thormometricul measure- 
inuats and ciiomical analyses have been applied with increas- 
ed exactness. ])oussinguult found in 1823 that the thermal 
springs of Las Trinclieras had risen 12^ during the twenty- 
three years that had intervened since my travels in 1800.* 
This calmly-flowing spring is therefore now nearly 12° hotter 
than the intermittent fountains of the Geyser and the Strokr, 
whose temperature has recently been most carefully determ- 
ined by Krug of Nidda. A very striking proof of the origin 
of hot springs by the sinking of cold meteoric water into the 
earth, and by its contact with a volcanic focus, is afforded by 
the volcano of Jorulla in Mexico, which was unknown before 
my American journey. When, in September, 1759, Jorullo 
was suddenly elevated into a mountain 1183 feet above the 
level of the surrounding plain, two small rivers, the Rio de 
Cuitimba and Rio de San Pedro, disappeared, and some 
time afterward burst forth again, during violent shocks of an 
earthquake, as hot springs, whose temperature I found in 1803 
to bo 18G°-4. 

The springs in Greece still evidently flow at the same places 
OS in the times of Ilollonic antiquity. The spring of Erasinos, 
two hours* journey to the south of Argos, on the declivity of 
Chaon, is mentioned by Herodotus. At Delphi we still see 
Cassotis (now the springs of St. Nicholas) rising south of the 
Lesche, and flowing beneath the Temple of Apollo ; Castalia, 
at the foot of Phffidriadu) ; Pireno, near Acro-Corinth ; and 
the hot baths of ^Edipsus, in Euboca, in which Sulla bathed 
during the Mithridatic war.t I advert with pleasure to these 

* DouMingaulc, iu Uie Annalu de Chimie, t. lii., p. 181. Theipring 
of Ohaudes Aigues, in Auver^e, ii only 17G^. It is iilvo to be observ- 
ed, timt whilu the Aguus Oollentes de lus Trincheros, south of Porto 
Oubello (Venezuela), springing from granite clefl in regular beds, and 
fur from all volcanoes, have a temperature of fully 206^*6, all the springs 
which rise in the vicinity of still active volcanoes (Pasto, Ootopaxi, and 
Tungurugua) liuvo u tunincmturo of only 07^-130^. 

t OiUMutis (tho spring of St. Nicholas^ and Custaliu, at tho Phiu<lriailii?, 
uien'.ionod in Pausanius, x.,24, 25, ami x.,8, 9; Pireae (Acm-Corihili) 
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fkoti, as th«y ihow ui that, eyen in a country subjeot to fi»- 
quont and violent shocki of carthquakos, tho interior of our 
planet has retained for upward of 2000 vcara its ancient con- 
figuration in reference to the course of the open fissures that 
yield a passage to these waters. The Fontaine jaiUissante of 
Lillers, in the Department des Pas de Calais, which was bored 
as early as the year 1126, still rises to the same height and 
yields the same quantity of water ; and, as another instance, I 
may mention that the admirable geographer of the Carama- 
uian coast. Captain Beaufort, saw in the district of Phaselis the 
same flame fed by emissions of inflammable gas which was de- 
scribed by Pliny as the flame of the Lycian Chimera.* 

The observation made by Arago in 1821, that the deepest 
Artesian wells are the warmest,! threw great light on the ori- 
gin of thermal springs, and on tho establishment of the law 
that terrestrial heat increases with increasing depth. It is a 
remarkable fact, which has but recently been noticed, that at 
the close of the third century, St. Patricius.t probably Bishop 
of Pertusa, was led to adopt very correct views regarding the 
phenomenon of the hot springs at Carthage. On being asked 
what was the cause of boiling water bursting from the earth, 
he replied, " Fire is nourished in the clouds and in the interior 

in Strabo, p. 379 ; the spring of Eratinos, at Mount Cbaon, tooth of Ar- 
^ot, in Herod., ri., 67, and raatanias, ii., 24, 7 ; the sprinn of /Edipaus 
in Eubom, •ome of which have a temperature of 88^, while in others it 
ranges between U4^ and 167^, in Strabo, p. 60 and 447, and Atlionoui, 
ii., 3, 73 ; the hot springs of Tbermopyln;, at tlie foot of (Eta, with a 
temperature of 149^. Ail from manuscript notes by Profosaor Curtios, 
the inarned companion of Otfried MOUer. 

* riiny.ii., 106; Seneca, EpUi., 79, f 3, ed. Ruhkopf(Deaufort,£r«r- 
9tyoftkt Comst of Karawtania, 1820, art. Yanar, near Deliktaadi, lb« 
ancient Phaselis, p. 24). See, also, Otesias, F^ragm., cap. 10 p. 5tS0, 
ed. Dihr ; Strabo, lib. xir,, p. 666, Casanb. 

['* Not far from the Deliktash, on the side of a mountain, is the psfw 
petnal fire describe<l by Captain Beaufort. The travelers found u at 
brilliant ns ever, and oven somewhat increased ; for, brides tho largo 
Hamo in tho conior of tho niiiis doacrilMMl bv Uonufort, thorn worv) small 
jrta issuing from crevices in tho side of liio cmtrrlikn onvily fivo or 
six foot deep. At tho bottom was a shallow fNiul of snliiliiiroous and 
turbid water, regarded by the Turks as a sovereign remedy for all skb 
complaints. The soot deposited from the flames was regarded at efll- 
cacious for sore eyelids, and valued as a dye for tho eyec>rows." Sot 
tlie highly interesting and accurate work, TrtmtU in Ljfctfa, by Lieat 
Spratt and Profosaor E. Forbes.]— TV. 

t Arsgo, in the AnnmMr^ pour 1835, p. 234. 

I Aeia 8. PatricU, d. 555, ed. Ruinart, t ii., p. 385, Masochi. D»* 
reau de la Malle was the finit to draw attention to this remarkable pte» 
tage in the RecktrcktB tmr la ToffogrmpkU 4m Cartkagt, 1835, p. vi 
(See, also, Seneca, Nat. Qm^M., iii., 24.) 
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of the earth, as ^tna and other mountains near Naples may 
teach you. The subterranean waters rise as if through si« 
phons. The cause of hot springs is this : waters which are 
more remote from the subterranean fire are colder, while those 
which rise nearer the fire are heated by it, and bring with 
them to the surface which we inhabit an insupportable degree 
of heat." 

As earthquakes are often accompanied by eruptions of water 
and vapors, wo recognize in the Salses^^ or small mud toI* 
canoes, a transition from the changing phenomena presented 
by those oruntions of vapor and thorraal springs to the more 
powerful ana awful activity of the streams of lava that flow 
from volcanic mountains. If we consider these mountains as 
springs of molten earths producing volcanic rocks, we must re- 
member that thermal waters, when impregnated with carbonic 
acid and sulphurous gases, are continually forming horizon- 
tally ranged strata of limestone (travertine) or conical eleva- 
tions, as in Northern Africa (in Algeria), and in the Bancs 
of Caxamarca, on the western declivity of the Peruvian Cor- 
dilleras. The travertine of Van Diemen*s Land (near Hobart 
Town) contains, according to Charles Darwin, remains of a 
vegetation that no longer exists. Lava and travertine, which 
are constantly forming before our eyes, present us Avith the 
two extremes of geognostic relations. 

Salses deserve more attention than they have hitherto re- 
ceived from geognosists. Their grandeur has been overlooked 
because of the two conditions to which they are subject ; it is 
only the more peaceful state, in which they may continue for 
centuries, which has generally been described : their origin is, 
however, accompanied by earthquakes, subterranean thunder, 
the elevation of a whole district, and lofty emissions of flame 
of short duration. When the mud volcano of Jokmali began 
to form on the 27th of November, 1827, in the peninsula of 
Abschoron, on the Caspian Sea, east of Baku, the flames 
flashed up to an extraordinary height for three hours, while 
duriug the next twenty hours thev scarcely rose throe feet 
above the crater, from which muu was ejected. Near the 
village of Baklichli, west of Baku, the flames rose so high that 

* [True volcanoes, as we have seen, generate aulphnretod hydrogea 
and muriatic acid, upheave tracts of land, and emit streams of melted 
feldspatliic materials ; salses, on the contrary, disengage little else bat 
carbureted hydrogen, together with bitamen and otner products of the 
distillation ot coal, and pour forth no other torrents except of mud, or 
argillaceoas materials mixed up with water. Daabeney, op cit., p 
540.]— Tr. 
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they could be seen at a distance of twenty-four miles. Enor* 
moufl masses of rook were torn up and scattered around. Sim* 
ilar masses may be seen round the now inactive mud Tolcano 
of Monte Zibio, near Sassuolo, in Northern Italy. The sec- 
ondary condition of repose has been maintained for upward of 
fifteen centuries in the mud volcanoes of Girgenti, the Macch 
Ittbit in Sicily, which have been described by the ancients. 
These salses consist of many contiguous conical hills, from 
eight to ten, or even thirty feet in height, subject to variations 
of elevation as well as of form. Streams of argillaceous mud, 
attended by a periodic development of gas, How from the small 
basins at the summits, which are filled with water ; the mud, 
although usually cold, is sometimes at a high temperature, as 
at Damak, in the province of Samarang, in the island of Java. 
The gases that arc developed with loud noise difler in their 
naluro, consisting, for instance, of hydrogen mixed with naph- 
tha, or of carbonic acid, or, as Parrot and myself have shown 
fin the peninsula of Taman, and in the Vokancitot de Tur* 
ooco, in South America), of almost pure nitrogen.* 

Mud volcanoes, after the first violent explosion of fire, which 
is not, perhaps, in an equal degree conmion to all, present to 
the spectator an image of the uninterrupted but weak activity 
of the interior of our planet. The communication with the 
deep strata in which a high temperature prevails is soon dosed, 
and the coldness of the mud emissions of the salses seems to in- 
dicate that the scat of the phenomenon can not bo far re- 
moved from the surface during their ordinary condition. The 
reaction of the interior of the earth on its external surface is 
exhibited with totally difibrent force in true volcanoes or igne- 
ous mountains, at points of the earth in which a permanent, 
or, at least, continually-renewed connection with the volcanio 
force is manifested. We must here carefully distinguish be- 
tween the inoro or loss intensely dovolopod volcanic phenom- 
ena, as, for instance, between earthquakes, thermal, aqueous, 
and gaseous springs, mud volcanoes, and the appearance of 
bell-formed or dome-shaped trachytic rocks without openings; 
the opening of these rocks, or of the elevated beds of basalt, as 

* Humboldt, Rd, Hist., t iii.. p. 562-567 ; Atit Centrale, t i., p. 43| 
t. ii., p. 505-515; Vmet det CardilUret, pi. xli. R«giirding the AfM» 
lubi (tlio Ambic Mnkkltth, the ovtrtkrown or tnvertoi, from the word 
Kktdaba), end on " iho Bnrth ejocting flunl eiulh," lee Solintu, cap. 5t 
^ idem aser Agrtgentiniis eructat limoeas •caturigenaa, et at Tenn foil- 
Uam mifficioDt rivit subministnindit, it* in hac Sicilia parte aolo mm- 
ouam doBeienle, ml&mk rejoctatione lenram terra evoiiiit.** 

K2 
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craters of elevation ; and, lastly, the elevation of a permanent 
volcano in the crater of elevation, or among the debris of its 
earlier formation. At diHerckt |)eriod8, and in diflercnt de- 
grecs of activity and force, the permanent volcanoes emit 
steam, acids, luminous scorisB, or, when the resistance can be 
overcome, narrow, band-like streams of molten earths. Elas- 
tic vapors sometimes elevate either separate portions of the 
earth's crust into dome-shaped unopened masses of feldspathic 
trachyte and dolorito (as in Puy de Dome and Chimborazo), 
in conscfjucnco of some great or local inanifustation of force in 
the interior of our planet, or the upheaved strata are broken 
through and curved in such a manner as to form a steep rocky 
ledge on the opposite inner side, which then constitute.s the in- 
closure of a crater of elevation. If this rocky ledge has been 
uplifted from the bottom of the sea, which is by no means al- 
ways the case, it determines the whole physiognomy and form 
of the island. In this manner has arisen the circular form of 
Palma, which has been described with such admirable accu- 
racy by Lco|)old von Buch, and that of Nisyros,* in the iEgoan 
Sea. Somelimcs half of the annular ledge has been destroy- 
ed, and in the bay formed by the encroachment of the sea cor- 
allines have built their cellular habitations. Even on conti- 
nents craters of elevation are often filled with water, and em- 
bellish in a peculiar manner the character of the landscape. 
Their origin is not connected with any determined species of 
rock : they break out in basalt, trachyte, leucitic porphyry 
(somma), or in doleritic mixtures of augite and labradorite ; 
and hence arise the different nature and external conformation 
of these inclosurcs of craters. No phenomena of eruptions are 
manifested in such craters, as they open no permanent channel 
of communication with the interior, and it is but seldom that 
we meet with traces of volcanic activity either in the neigh- 
borhood or in the interior of these craters. The force which 
was able to produce so important an action must have been 
long accumulating in the interior before it could overpower the 
resistance of the mass pressing u))ou it ; it sometimes, for in- 
stance, on the origin of new islands, will raise granular rocks 
and conglomerated masses (strata of tufa filled with marine 
plants) above the surface of the sea. The compressed va]K)rs 
escape through the crater of elevation, but a large mass soon 
falls back and closes the opening, which had been only formed 
by these manifestations of force. No volcano can, therefore, 

* See tho intoi'CAtiiig littlu map of tbo island of Ni<yroi, iu Rom'i 
Rn$en auj den Orieekieehen Inuln, bd. ii., 1843, i. 69. 
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be produced.* A volcano, properly bo called, exists only where 
a permanent connection is established between the interior of 
the earth and the atmosphere, and the reaction of the interior 
on the sorface then contmues during long periods of time. It 
may be interrupted for centuries, as in the case of Vesuviui, 
Fisove,! and then manifest itself with renewed activity. In 
the time of Nero, men were disposed to rank ^tna among 
the volcanic mountains which were gradually becoming ex- 
tinct ;t and subsequently Pliant even maintained that mar- 
mers could no longer see the sinking summit of the mountain 
from so great a distance at sea. Where these evidenoet— - 
these old scaflbldings of eruption, I might almost say — still 
exist, the volcano rises from a crater of elevation, while a high 
rocky wall surrounds, like an amphitheater, the isolated con- 
ical mount, and forms around it a kind of casing of highly eld- 

* Leopold Ton Bach, Pkyi. Betekreibung der Canaruekm Tiutln^ i. 
326 ; sod bis Menloir a^er Erktbung$eraUre mnd Vulcan§, in PoggeflidL, 
Annai., bd. xxxriu, i. 169. 

In hill remmrkfl on the ■eperation of 8icil;|f from Oalabria, SUmbo gires 
an excellent description of the two modes m which islands are formed t 
"Some islands," he obsenres (lib. ri., p. 258, ed. Oasaob.), "are frag 
ments of the continent, others hare arisen from the sea, as eren at the 

R resent time is known to hsopen ; for the islands of the great ocean, 
^rinff &r from the main laud, uaTe probably been raised from its depthf, 
whi&, on the other hand, those near promontorlos appear (according to 
reason) to linvo lioon sonnrntrd frrnn tlio conlinont." 

t Ocre Fisovo (Mons VosnTiiuh in the Unibrian language. (Lanen, 
Deulung der EngiMnueken To/tin in Hkein. Muteum, 1832, a. 3870 
rho word ockre is very probably genniiie Umbrian, and moans, accord- 
ing to Festns, mountain. JEinn would be a burning and shining moant- 
tin, if Voss is correct in stating that Alrv^ is an Hellenic aound, and is 
connected with alffu and aWipo^f but the intelligent writer Parthey 
doubts this Helleuic origin on etymological j^rounos, and also because 
^tua was by no moans regarded as a luminous beacon for ships or 
wanderers, in the same manner as the ever-travailing Stromboli (otron* 
gyle), to which Homer seems to refer in the Odyssey (xii., 68, 209, 
and 219), and its geographical |NMiition was not so well determined. I 
suspect that ^tua would be found lo be a Sicilian word, i^o had aoy 
fragmentarr materials to refer to. According to Diodorus (▼., 6), the 
Sicani, or aborigines preceding the Sicilians, were compelled to fly to 
the western part of toe island, in consequence of successive emptiona 
exteodinc over many years. The most ancient eruption of Mount JEtna 
on recora is that mentioned by Pindar and iEschylos, as occurring un- 
der Hiero, in the second year of the 75th Olympiad. It is probabla 
that Hesind was awsre of the devastating eruptions of Minn before thm 
iteriod of Greek immigmtinn. There is however, some doubt rentd* 
iiig the word Alriif in lite ti*it nf Hosiotl, a subject into which I Mva 
enteretl at some length in another place. (Humboldt, EMmnmt CHi 
4t ie Oitffr., t. i., p. 168.) 

t SmiMti. EpiM., 79. ( Allan, Vmr, HUt., ▼»!.. 1 1 
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vated strata. Occasionally not a trace of this iaclosuro ia 
visible, and the volcano, which is not always conical, riset 
immediately irom the neighboring plateau in an elongated 
form, as in the case of Pichincha,* at the foot of which lies 
the city of Quito. 

As the nature of rocks, or the mixture (grouping) of simple 
minerals into granite, gneiss, and mica slate, or into trachyte, 
basalt, and dolorite, is independent of existing climates, and is 
the same under the most varied latitudes of the earth, so also 
we fuid every whore in inorganic nature that the same laws of 
configuration regulate the reciprocal superposition of the strata 
of the earth's crust, cause them to penetrate one another in 
the form of veins, and elevate them by the agency of elastic 
forces. This constant recurrence of the same phenomena is 
most strikingly manifested in volcanoes. When the mariner, 
amid the islands of some distant archipelago, is no lonster guid- 
ed by the light of the same stars with which he had been fa- 
miliar in his native latitude, and sees himself surrounded by 
palms and other forms of an exotic vegetation, he %till can 
trace, reflected in the individual characteristics of the laud- 
scape, the forms of Vesuvius, of the dome-shaped summits of 
Auvergne, the craters of elevation in the Canaries and Azores, 
or the fissures of eruption in Iceland. A glance at the satel- 
lite of our planet will impart a wider generalization to this anal- 
ogy of configuration. By means of the charts that have been 
drawn in accordance with the observations made with large 
telescopes, we may recognize in the moon, where water and aii 
are both absent, vast craters of elevation surrounding or sup- 

Sorting conical mountains, thus aflbrding incontrovertible evi- 
ence of the eflects produced by the reaction of the interior on 
the surface, favored by the influence of a feebler force of grav* 
itation. 

Although volcanoes are justly termed in many languages 
" fire -emitting mountains," mountains of this kind are not 
formed b^ the gradual accumulation of ejected currents of 
lava, but their origin seems rather to be a general consequence 
ef the sudden elevation of soft masses of trachyte or labrador- 
itio augite. The amount of the elevating force is manifested 

* [Thia mountaiu contaiui two fimnel-fthaped craten, apparently re 
•nlting from two aots of eruptioni : the wefltern nearly circular, and 
having in its center a cone or eruption, from the summit and aides of 
which ifo uo loas than Hovonty vents, some in activity and others ox 
tinct. It is probublo that thu larger number of the vents wuro j>m 
duced at periods anterior to history. Daubeney, op. cit., p. 488. ] — Tt 
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by tho eleyation of the volcano, v^hich varies from the ineon* 
•iflorablo height of a hill (as the volcano of Cosima, one of tho 
Japaiicao Kurilo islands) to that o( a cono above 19,000 feet 
in height. It has appeared to me that relations of height have 
a great influence on the occurrence of eruptions, which are 
more frequent in low than in elevated volcanoes. I might in- 
stance the series presented by the following mountains : Strom- 
boli, 2318 feet ; Guacamayo, in the province of Quizes, from 
which detonations are heard almost daily (I have myself oflen 
heard them at Chillo, near Quito, a distance of eighty-eight 
miles); Vesuvius, 3876 feet; iEtna, 10,871 feet; the Peak 
of Teneriffe, 12,175 feet ; and Cotopaxi, 19,069 feet. If the 
focus of these volcanoes be at an equal depth below the sur- 
face, a greater force must be required where the fused masses 
have to be raised to an elevation six or eight times greater 
than that of the lower eminences. While the volcano Strom- 
boli (Strongyle) has been incessantly active since the Homeric 
ages, and has served as a beacon-light to guide the mariner in 
the Tyrrhenian Sea, loftier volcanoes have been characterized 
by long intervals of quiet. Thus we see that a whole century 
oilen intervenes between the eruptions of most of the colossi 
which crown the summits of the Cordilleras of the Andes. 
Where we meet with exceptions to this law, to which I long 
since drew attention, they must depend upon the circumstance 
that the connections between tho volcanic foci and the crater 
of eruption can not be considered as equally permanent in the 
case of all volcanoes. The channel of oommunication may bo 
closed for a time in the case of tho lower ones, so that they 
less frequently come to a state of eruption, although they do 
not, on that accotint, approach more nearly to their final ex- 
tinction. 

These relations between the absolute height and the fire* 
quency of volcanic eruptions, as far as they are externally per 
ccptibie, are intimately connected with the consideration of 
the local conditions under which lava currents are erupted. 
Eruptions from the crater are very unusual in many mount- 
ains, generally occurring from lateral fissures (as was observed 
in the case of ^tna, in the sixteenth century, by the cele- 
brated historian Bembo, when a youth*), wherever the sides 

* Petri Dcmbi OpuncaUi {/Elda Dinlegus), Diwil, 1556, p. 63 : *' Qnio- 
qaid in A'Anm iiialriM utorucditlcMit, iiiiiM|iiniii oxitox cratoroMiperioro, 
qtiod vol CO intooiidoro gnvli inaloria nun qucitt, toI, quia infcriut ■lis 
■ptrmroonUi taot, oou fit opoi. Dotpamant flommii argeoUbot ignei rW 
pigro flozn Iotas dolambontes plagaa, et in lapklom imlarviOQQL" 
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of the upheaved mountain were least ahle, from their configu- 
ration and position, to ofier an}* resistance. Cones of eruption 
are sometimes uplifted on these fissures ; the larger ones, which 
are erroneously termed 7icw volcanoes, are ranged together in a 
line marking the direction of a fissure, which is soon reclosed, 
while the smaller ones are grouped together, covering a whole 
district with their dome-like or hive-shaped forms. To the 
latter belong the Jiomilos (Ic JoruUo,* the cone of Vesuvius 
erupted in October, 1822, tliat of Awatsclia, according to Pes- 
tols, and those of the lava-field mentioned by Erman, near thf 
Baidur Mountains, in the peninsula of Kamtschatka. 

When volcanoes are not isolated in a plain, but surrounded, 
as in the double chain of the Andes of Quito, by a table-land 
having an elevation from nine to thirteen thousand feet, this 
circumstance may probably explain the cause why no lava 
streams are formedt during the most dreadful eruption of ig- 
nited scoria) accompanied by detonations heard at a distance 
of more than a hundred miles. Such are the volcanoes of Po- 
payan, those of the elevated plateau of Los Pastos and of the 
Andes of Quito, with the exception, perhaps, in the case of 
the latter, of the volcano of Antisana. The height of the cone 
of cinders, and the size and form of the crater, are elements 
of configuration which yield an especial and individual char- 
acter to volcanoes, although the cone of cinders and the crater 
are both wholly independent of the dimensions of the mount- 
ain. Vesuvius is more than three times lower than the Peak 
of Tenerifle ; its cone of cinders rises to one third of the height 
of the whole mountain, while. the cone of cinders of the Peak 
is only i^d of its altitude.} In a much higher volcano than 
that of Tencriflu, the Hucu Pichincha, other relations occur 

* 800 my drawing of tlio volcano of JoruUu, of iu hornitot, and of the 
uplifted malpayt, in my Vues de CardUliret, pi. xliii., p. 239. 

[Durckliardt statos that during the twenty-four years that have inter- 
vened since Baron Humboldt's visit to Jorullo, the homitot have either 
wholly disappeared or completely changed their forms. See AufentkaU 
und Reisen in Mexico in 18^5 und 1834.]— 7r. 

t Humboldt, Estai $ur la Oiogr. detPlanUi et Tableau Pkys,deiR4' 
gion* Equinoxialee, 1807, p. 130, and Ettai Q6ogn, gur le Oisement des 
Rochet, p. 321. Most of the volcanoes in Java demonstrate that the 
cause of the perfect absence of lava streams in volcanoes of incessant 
activity is not alone to be sought for in their form, position, and height. 
Leop. von Buch, Deter. Phyt. des lies Canariet, p. 419 ; Reinwardt and 
Hoitmann, in Poggend., Annalen., bd. xii., s. 607. 

t [It may be remarked in general, although the rule is liable to ex- 
ceptions, that the dimunsious of a crater are in an inverse ratio to the 
elevation of the mountain. Duubeney, op. cit., p. 444.]— 'JV. 
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which Approach more ncnrly to tluit of VosuviuB. Among all 
the Tolcoiiocs that I liavo iceii in tho two lioniisphcros, the 
conical form of Cotbpaxi is the most hoautifully regular. A 
sudden fusion of the snow at its cone of cinders announces the 
proximity of the eruption. Before the smoke is visible in the 
rarefied strata of air surrounding the summit and the opening 
of the crater, the walls of the oone of cinders are sometimes 
in a state of glowing heat, when the whole mountain presents 
an appearance of the most fearful and portentous blackness. 
The crater, which, with very few exceptions, occupies the 
summit of the volcano, forms a deep, caldron-like valley, which 
is oflen accessible, and whose bottom is subject to constant al- 
terations. The great or lesser depth of the crater is in many 
volcanoes likewise a sign of the near or distant occurrence of 
an eruption. Long, narrow fissures, from which vapors issue 
forth, or small rounding hollows filled with molten masses, al- 
ternately open and close in the caldron-like valley ; the bottom 
rises and sinks, eminences of soorin and cones of eruption are 
formed, rising sometimes, far over the walls of the crater, and 
continuing for years together to impart to the volcano a pecul- 
iar character, and then suddenly fall together and disappear 
during a new eruption. The openings of these cones of erup- 
tion, which rise from the bottom of tho crater, must not, as is 
too oflen done, be confounded with tho crater which incloses 
them. If this be inaccessible from extreme depth and from 
the perpendicular descent, as in the cose of the volcano of 
Ilucu Pichincha, which is 16,920 feet in height, the traveler 
may look from the edge on the summit of the mountains which 
rise in the sulphurous atmosphere of the valley at his feet ; 
and I have never beheld a grander or more remarkable picture 
than that presented by this volcano. In the interval between 
two eruptions, a crater may either present no luminous ap- 
pearance, showing merely open fissures and ascending vapors, 
or the scarcely hcatc«l soil may be covered by eminences of 
Bcoriio, that admit of being appronched without danger, and 
thus present to the geologist the S|)cctAt*.le of the eruption of 
burning and fused masses, which fall back on the ledge of the 
cone of scoria), and whose appearance is regularly announceil 
by small wholly local earthquakes. Lava sometimes streams 
forth from the open fissures and small hollows, without break- 
ing through or escaping beyond the sides of the crater. If, 
however, it docs break through, the newly-opened terrestrial 
stream generally flows iu such a quiet and well-defined course, 
that the deep valley, which we term the oraier, remains aooet 
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nble even during periods of eruption. It is impossible, with* 
out an exact representation of the configuration — the normal 
type, as it were, of fire-emitting mountains, to form a just idea 
of those phenomena which, owing to fantastic descriptions and 
an undefined phraseology, have long been comprised under the 
head of craters^ cones of eruption^ and volcanoes. The mar- 
ginal ledges of craters vary much less than one would be led 
to suppose. A comparison of Saussure's measurements with 
my own yields the remarkable result, for instance, that in the 
course of ibrty-uiue years (from 1773 to 1822), the elevation 
of the northwestern margin of Mount Vesuvius {Rocca dd 
Palo) may be considered to have remained unchanged.* 

Volcanoes which, like the chain of the Andes, lifl their sum 
mits high above tlie boundaries of the region of perpetual snow, 
present peculiar phenomena. The masses of snow, by theii 
sudden fusion during eruptions, occasion not only the most fear- 
ful inundations and torrents of water, in which smoking scoriiB 
are borne along on thick masses of ice, but they likewise ex* 
orciso a constant action, while the volcano is in a state of per 
feet rciioso, by infiltration into the fissures of the trachytio rock. 
Cavities which are either on the declivity or at the foot of the 
mountain are gradually converted into subterranean reservoirs 
of water, which communicate by numerous narrow openings 
with mountain streams, as we see exemplified in the highlands 
of Quito. The fishes of these rivulets multiply, especially in 
the obscurity of the hollows ; and when the shocks of earth- 
quakes, which precede all eruptions in the Andes, have vio- 
lently shaken the whole mass of the volcano, these subterra- 
nean caverns are suddenly opened, and water, fishes, and tufa- 
ceous mud are all ejected together. It is through this singular 
phenomenont that the inhabitants of the highlands of Quito 
became acquainted with the existence of the little cyclopic 
fishes, termed by them the prciiadilla. On the night betweeo 
the IDth and 20lh of June, 1G98, when the summit of Car^ 
guairazo, a mountain 19,720 feet in height, fell in, leaving 
only two huge masses of rock remaining of the ledge of the 
crater, a space of nearly thirty-two square miles was over- 
flowed and devastated by streams of liquid tufa and argilla- 
ceous mud {lodazcdes)t containing large quantities of dead fish. 

* See the gronnd-work of my measuremenU compared with those of 
SsuMure and Lord Miiito, in the Abhandlungen dtr Akademie der Wisi, 
tu Berlin for tbo yuars 1822 and 1823. 

\ rimuludo« uyclo|mia. Boo Humboldt, lUcueil d*O0iervaiioPf U 
ZcolofU H d?Analomi9 Comparie, t. i., p. 21-25. 
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In like manner, the putrid foyer, which raged BCTon yeais pre- 
viously in the mountain town of Ibarra, north of Quito, was 
ascribed to the ejection of fish from the Tolcano of Imbaburu.* 

Water and mud, which flow not from the crater itself, but 
from the hollows in the trachytic mass of the mountain, can 
not, strictly speaking, be classed among volcanic phenomena. 
They are only indirectly connected with the volcanic activity 
of the mountain, resembling, in that respect, the singular me- 
teorological process which I have designated in my earlier writ- 
ings by the term of volcanic storm. The hot stream which 
rises from the crater during the eruption, and spreads itself in 
the atmosphere, condenses into a cloud, and surrounds the col- 
umn of fire and cinders which rises to an allitude of many 
thousand feet. The sudden condensation of the vapors, and, 
as Gay-Lussac has shown, the formation of a cloud of enor- 
mous extent, increase the electric tension. Forked lightning 
flashes from the column of cinders, and it is then easy to dis- 
tinguish (as at the close of the eruption of Mount Vesuvius, in 
the latter end of October, 1822) the rolling thunder of the vol- 
canic storm from the detonations in the interior of the mount- 
ain. The flashes of lightning that darted from the volcanio 
cloud of steam, as we leara from Olafsen^s report, killed eleven 
horses and two men, on the eruption of the volcano of Katla- 
gia, in Iceland, on the 17th of October, 1755. 

Having thus delineated the structure and dynamic activity 
of volcanoes, it now remains tor us to throw a glance at the 
diflerences existing in their material products. The subtorra^ 
nean forces sever old combinations of matter in order to pro- 
duce new ones, and they also continue to act upon matter at 
long as it is in a state of liquefaction from heat, and capable 
of being displaced. The greater or less pressure under which 
merely soilened or wholly liquid fluids are solidified, appears to 
constitute the main dincrcnco in tho formation of Plutonic and 
volcanic rocks. 11io mineral moss wliicli ilows in narrow, 
elongated streams from a volcanic opening (an cartli*spring), 
is called lava. Where many such currents meet and are ar- 
rested in their course, they expand in width, filling large ba- 
sins, in which they become solidified in superimposed strata. 
These few sentences describe the general character of the prod* 
nets of volcanio activity. 

* [It would appetM', •• there ii no doubt that thete fitbet proceed frooi 
the mountain itself, that there must be lar^Ukei in the interior, which 
in ordinary teaaona are out of the immediate tnfluenca of tho Totoaaio 
action 8eo Daubeney, op. ciL, p. 488, 4^.]— TV 
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Hocks which are jaerely broken through by the volcanic ac- 
tion are often inclosed in the igneous products. Thus I have 
found angular fragments of feldspathic syenite imbedded in the 
black augitic lava of the volcano of Jorullo, in Mexico ; but 
the masses of dolomite and granular limestone, which contain 
magnificent clusters of crystalline fossils (vesuvian and garnets, 
covered with inojonite, ucphelino, and sodalite), are not the 
ejected products of Vesuvius, these belonging rather to very 
generally distributed formations, viz., strata of tufa, which are 
more ancient tlian the elevation of the Somma and of Vesu 
vius, and are ])robably the products of a deep-seated and con 
ccaled submarine volcanic action.* We find five metals among 
the products of existing volcanoes, iron, copper, lead, arsenic, 
and selenium, discovered by Slromeyer in the crater of Volca- 
no.t The vapors that rise from the fumarolles cause the sub- 
limation of the chlorids of iron, copper, lead, and ammonium ; 
iron glancct and chlorid of sodium (the latter often in largo 
quantities) fill the cavities of recent lava streams and the fis- 
sures of tlio margin of the crater. 

The ininerul coinpositiou of lava differs according to the na- 
ture of the crystalline rock of which the volcano is formed, the 
height of the point where the eruption occurs, whether at the 
foot of the mountain or in the neighborhood of the crater, and 
the condition of temperature of the interior. Vitreous volcanic 
formations, obsidian, pearl-stone, and pumice, are entirely want- 
ing in some volcanoes, while in the case of others they only 
proceed from the crater, or, at any rate, from very considera- 
ble heights. These important and involved relations can only 
be explained by very accurate crystallographic and chemical 
investigations. My fellow-traveler in Siberia, Gustav Rose, 
and subsequently Hermann Abioh, have already been able, 
by their fortunate and ingenious researches, to throw much 
light on the structural relations of the various kinds of vol- 
canic rocks. 

* Loop, von Bach, iu Posgond., Annalen, bd. zxxvii., 8. 179. 

t [Thu lillle iMluiid of Vuicuiio i« eopuintod from Liimri by a narrow 
ebauuol. It a[,uuari to bavo uibibilod itrong ligus of volcaiiio activ- 
iiy long boforo*ibo Clirislian oru, aud still omita gusoous oxlmlationB. 
Btromeyer detected the presonco of aolenium in a mixture of sal ammo- 
niac and sulphur. Another product, supposed to bo peculiar to this 
volcano, U boracic acid, which lines the sides of the cavities in beauti- 
ful white silky crystab. Daubeney, op. cit., p. 257.] — Tr, 

X Regarding the chemical origin of iron glance in volcanic masses, se« 
Mitichorlich, m Poggond., AniuUent bd. xv., s. G30 ; aud on tlie libcm 
lion of hydroclilorio acid in tbo crater, soo Gay-Lussao, in the Annai^ 
id Chimt^ut H d« Pkytique, t xxii., p. 423. 
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TlfO groaler part oftho ascending vapor is more Bteam. 
When condensed, this forms springs, as in Pantcllaria,* where 
they are u>ed by the goatherds of the island. On the morn- 
ing of the 26th of October, 1822, a current was seen to flow 
from a lateral fissure of the crater of Vesuvius, and was long 
supposed to have been boiling water; it was, however, shown, 
by MonticelH's accurate investigations, to consist of dry ashes, 
which fell like sand, and of lava pulverized by friction. The 
ashos, which sometimes darken the air for hours and days to- 
gether, and produce great injury to the vineyards and olive 
groves by adhering to the leaves, indicate by their columnar 
ascent, impelled by vapors, the termination of every great 
earthquake. This is the magnificent ^phenomenon which 
Pliny the younger, in his celebrated letter to Cornelius Tacitus, 
compares, in the case of Vesuvius, to the form of a lofty and 
thickly branched and foliaceous pine. That which is da- 
scribed as flames in the eruption of scoriie, and the radiance 
of the glo\iing red clouds that hover over the crater, can not 
be ascribed to the elTect of hydrogen gas in a state of combus- 
tion. They are rather reflections of light which issue from 
molten masses, projected high in the air, and also reflections 
from the burning depths, whence the glowing vapors ascend. 
We will not, however, attempt to decide the nature of the 
flames, which are occasionally seen now, as in the time of 
Strabo, to rise from the deep sea during the activity of littoral 
volcanoes, or shortly before tho elevation of a volcanic island. 

When the questions are asked, what is it that bums in tho 
volcano? what excites the heat, fuses together earths and 
metals, and imparts to lava currents of thick layers a degree 
of heat that lasts for many years ?t it is necessarily implied 
that volcanoes must be connected with the existence of sub- 
stances capable of maintaining combustion, like the beds of 
coal in subterranean fires. According to the different phases 
of chemical science, bitumen, pyrites, the moist admixture of 
ftnely-pulverizod sulphur and iron, pyrophorie substances, and 
the metals of the alkalies and earths, have in turn been desig- 
nated as the cause of intensely active volcanic phenomena. 
The great chemist. Sir Humphrey Davy, to whom we are in- 
debted for the knowledge of the most combustible metallio 

* fSteain ittnet from many parU of this iiitalar moantain, and aev- 
erml hot tpringt guali ftirlli fnim it, wlikli furm togetlior a l^e 6000 feel 
In circonucrence. Daubeney, op. cit] — TV. 

t See the beautiful ex penmen ta on the cooling of oMMaea of rook, fat 
Biachofa Wdrmtltkr^, a. 384, 443. 500-AIS. 
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substances, has himsolf renounced his bold qheniical hypothesa 
in his last ivork {Co?isolatio7i in Travel^ aiid last Days of a 
Philosojifier) — a work which can not fail to excite in the 
reader a feeling of the deepest melancholy. The great mean 
density of the earth (5*44), when compared with the specific 
weight of potassium (0'8G5), of sodium (0*972), or of the 
metals of the earths (1*2), and the absence of hydrogen gas in 
the gaseous emanations from the fissures of craters, and from 
still warm streams of lava, besides many chemical considera- 
tions, stand iu ojqKisilion with the earlier conjectures of Davy 
and Ain|M}i*e.* ii' hydrogen were evolved from erupted lava, 
how great must be the quantity of the gas disengaged, when, 
the seat of the volcanic activity being very low, as in the case 
of the remarkable eruption at the foot of the Skaptar Jokul in 
Iceland (from the 11th of June to the 3d of August, 1783, 
described by Mackenzie and Soemund Magnussen), a space of 
many square miles was covered by streams of laya, accumu- 
lated to the thickness of several hundred feet ! Similar difH- 
culties are opposed to the assumption of the penetration of the 
atmospheric air into the crater, or, as it is figuratively ex- 
pressed, the hiludation of the earthy when we have regard to 
the small quantity of nitrogen emitted. So general, deep- 
seated, and far-propagated an activity as that of volcanoes, 
can not assuredly have its source in chemical affinity, or in 
the mere contact of individual or merely locally distributed 
substances. Modern geognosyt rather seeks the cause of this 
activity in the increased temperature with the increase of 
depth at all degrees of latitude, in that powerful internal heat 
which our planet owes to its first solidification, its formation 
in the regions of space, and to the spherical contraction of 

* See Derzelius and WOliler, in Poggend., Annalen, bd. i., s. 221, and 
bd. xi., 8. 146; Guy-Lujuac. in the Annalct de ChimU, t. x., xii., p. 422; 
and Bischofd Reatont against the Chemical Theory of Volcanoes, in the 
Engli.«h oditiun uf IiIb Wdrmelehre, p. 2U7-309. 

t [On iho various tboories tbat bave been advanced in explanation of 
volcanic action, see Dauboney On Volcanoei, a work to which we have 
mado continual reference during the preceding pages, os it constitutes 
the most recent and perfect compendium of all the important facts re- 
lating to this subject, and is peculiarly adapted to serve as a source of 
rcfei*ence to the Cosmot, since the learned author in many instances en- 
ters into a full exposition of the views advanced by Darou Humboldt. 
The appendix contains several valuable notes with reference to the 
most recent works that have appeared on the Ooutinent, on subjects re- 
lating to volcanoes ; among others, an interesting notice of Professor 
Dischufs views " on tlio origin of the carlninic acid discharged from 
volcanous," lu onounced in his recently piiblishud work, Lehrlfuck dtf 
CkemUekeH und i'kynkalischen Qm>logU.'\ — Tr. 
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mmtier revolving elliptisally in a gasoooB condition. We hxte 
thus mora cniijcotiiro and siipiiofiition sido by side with oer* 
tain knowledge. A philosophical study of nature strives ever 
to-eJevate itself above the narrow requirements of mere natural 
description, and docs not consist, as we have alreadv remark- 
ed, in the mere accumulation of isolated facts. The inqoir- 
tng and active spirit of man must be suffered to pass from the 
present to the past, to conjecture all that can not yet be known 
with certainty, and still to dwell with pleasure on the ancient 
myths of geognosy which are presentea to us under so many 
Tarious forms. If we consider volcanoes as irregular inter- 
mittent springs, emitting a fluid mixture of oxydizcd metals, 
alkalies, and earths, flowing gently and calmy wherever they 
find a passage, or beinff upheaved by the powerful expansive 
force of vapors, wo arc m voluntarily lod to remember the geog- 
nostic visions of Plato, according to which hot springs, as well 
as all volcanic igneous streams, were eruptions that might be 
traced back to one generally distributed subterranean oaose, 
Pyriphlegethon,* 

* According to PUto'a gM>ffnottic Tiewn, u doTclopcd in the Pkmdo. 
Ppiphlegethou plaji much tn« tame part in rebtiou tr> tlio activitj of 
volcanoei tliat we now aacribe to the aucroentation of heat as we de^ 
fc«snd from the eartli'a aiirface, and to the toaed condition of its internal 
•trmtm. {Pk^do, ed. Ast, p. 603 and 607; Annot., jp. 808 and 817.) 
■'Within tlin earth, and all aronnd it, are larger ana amaller caTema. 
Water flowa tlHsro in alyundanco ; alaii mnch lira and largo atnnma of 
liro, and atrcama of moiat mad (aomo purer and olliora more filthj), 
like thoae in Sicilj. conaiating of road and firo, preceding the groat orup* 
HoQ. Theae atreama fill all plaoea that &U in the waj of their coorae. 
PjHphlegethon flowa forth mto an extenaive diatrict baming with a 
fierce fire, where it forma a lake larger than oar aea. boiling with w^ter 
and mad. From thence it movea in circles roand the earth, torbid aod 
moddj.'* Thia atream of molten earth and mud ia ao much the general 
caoae of Tolcaiiic phenomena, that Plato expreaaly adda, '* thua la Pjrrt- 
phlegothon conatitntrd, from which alao the atrcama of fire {oi /knurf ), 
wherever they rrach the enrth {Hwff Av rvxoct r^ v^). inflate aaco 
pnrta (detaclio<l fmcmontM).** Volcniiic acnrin* niid inva atrcama are 
therefore imrtbna olPyriphlegethon itaelf, |M»rlif>tin of the aiilitrmine«n 
OH^ten and ever>andulating maaa. That ol ftvaxif are lava atreama, and 
not, aa Schneider, Pamow, and Schleiermaciier will have it, *' fire-Tom- 
iting moantatna,'* ia clear enoagh from many paaaagea, aomo of which 
have been collected by Ukert {Oeogr. der Orirekem nnd Rdmer, th. ii., 
a. 200) ; ff»a( ia the volcanic phenomenon in reference to ita moat atrik- 
int cbararteriatic. the lava atream. Hence the exprraaion, the A****f 
m /Etna. Aristot. Mirab. Au*e., t. ii., p. 833 : acct. 38, Dekker | 
Thticyd., iii., 116; Thooplirniit., De L^p.t 22. p. 427, Schneider; Diod., 
▼., 0, and xiv., 59, where nro the mmarkablo wonla, ** Many placea 
Bear the aea, in the nci^hborliond of iEtna, were leveled to the groood 
iird T90 KaXo9fi4^o9 ^va«of ;" Strabo, vi., p. 269; xiii., p. 268, vaA 
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The difierent volcanoes over the earth's surface, when they 
are considered independently of all climatic difierences, are 
acutely and characteristically classified as central and linear 
volcanoes. Under the first name are comprised those which 
constitute the central point of many active mouths of erup- 
tion, distributed almost regularly in all directions ; under the 
second, those lying at some little distance from one another, 
forming, as it were, chimneys or vents along an extended 
fissure. Linear volcanoes again admit of further subdivision, 
namely, those which rise like separate conical islands from the 
bottom of the sea, being generally parallel with a chain of 
primitive mountains, whose foot they ap|)car to indicate, and 
those volcanic chains which are elevated on the highest ridges 
of these mountain chains, of which they form the summits.* 
The Peak of Teneriffe, for instance, is a central volcano, being 
the central point of the volcanic group to which the eruption 
of Palma and Lancerote may be referred. The long, rampart- 
like chain of the Andes, which is sometimes single, and some- 
times divided into two or three parallel branches, connected 
by various transverse ridges, presents, from the south of Chili 
to the northwest coast of America, one of the grandest in- 
stances of a continental volcanic chain. The proximity of 

where there ii a notice of the celebrated baming mud of the LelantiQa 
plaiiM, ill EubcBa, i., p. 58, Casaub. ; and Appiau, De Bella CivUi, v., 
114. The blame which Aristotle throws on the geo^nostical fantasies 
of the Phujdo {Meteor.^ ii., 2, 19) is especially applied to the sources of 
tlie rivers fluwius over tlie earth's surface. The distinct statement of 
riaito, that " in Sicily eruptions of wot mud precede the slowing (lava) 
struam," is very remarkable. Observations on ACtna coutil nut have lea 
to such a statement, unless pumice and ashes, formed into a mud-like 
ninst by lulniixturu with multud snow and water, during the vulcano- 
cloctric stunn in the crater of eruption, wore niistjtkun fur ojoclod mud. 
It is mure probable that Plato's sU'eums of muist mud (v//>ov in^Aoi? 
frorauoi) (»riginate«l in a faint recollection of the salscs (mud volcanoes) 
of Agrig«)ntum, which, as I hiivo already niontionutl, eject argilhicoous 
mnd with a loud iiuiso. It \a much tu be rugrellcd, in i*ufei'ciice to this 
subject, that the wuik of Thcophrastus ntpi pvaxof tov iv £txcAta, 0» 
the Volcanie Stream in Sicily, to which Diog. Laert., v., 49, refers, has 
not come down to us. 

* Lenpold von Duch, Phygikal. Betehreib. der Canariseken Inmlnt s. 
326-407. I doubt if we can agree with the ingenious Charles Darwin 
{^Geological Observations on Volcanic Islande, 1844, p. 127^ in regard* 
iiig central volcanoes in general as volcanic chains of small extent on 
parallel fissures. Friedrich Hoffman believes that in the group of the 
Lipari Islands, which he has so admirably described, and in which two 
eniption fissures intersect near Panaria, he has (bund an iiitermediato 
Milk between the two principal inotlcs in which volcanoes appear, 
naiiioly, the central vulcanoes and vulcanic cluiins uf Von Uuch (Pug* 
gendorf, Annalen der Physik, bd. xxvi., s. 81-88). 
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aotiTe Yoloanoes is always manifested in the chain of the An* 
des by the anpcarauco of certain rocks (as dolcrtto, molaphyre, 
trachyte, anaesite, and dioritic porphyry), which divide the so- 
ealled primitive rocks, the transition slates and sandstones, and 
the stratified formations. The constant recurrence of this 
phenomenon convinced me long since that these sporadic rocks 
were the seat of volcanic phenomena, and were connected with 
volcanic eruptions. At the foot of the grand Tunguragua, 
near Penipe, on the banks of the Rio Puela, I first distinctly 
observed mica slate resting on granite, broken through by a 
▼oloanic rock. 

In the volcanic chain of the Now Continent, the separate 
volcanoes are occasionally, when near together, in mutual de- 
pendence upon one another ; and it is oven seen that the vol- 
canic activity for centuries together has moved on in one. and 
the same direction, as, for instance, from north to south in the 

{irovinco of Quito.* The focus of the volcanic action lies bo- 
ow the whole of the highlands of this province ; the only 
channels of communication with the atmosphere are, howov 
er, those mountains which we designate by special names, as 
the mountains of Pichincha, Cotopaxi, and Tunguragua, and 
which, from their grouping, elevation, and form, constitute the 
grandest and most picturesque spectacle to be found in any 
volcanic district of an equally limited extent. Experience 
shows us, in many instances, that the extremities of such 
groups of volcanic chains arc connected together by subterra- 
nean communications ; and this fact reminds us of the ancient 
and true expression made use of by Sencca,t that the igneous 
mountain is only the issue of the more deeply-seated volcanic 
Ibroes. In the Mexican highlands a mutual dependence is 

* Homboldt, Ocognott. Beo^ekiltber die Vulkeme de$ HockUaUn 9em 
Qirtl0, in Poggend., AnnaL der Pkytik, bd. xliv., 8. 194. 

t Seneca, while ho sponkii very clearlj resardiiig Uie problematical 
•Inking of ^tnn, fuij* in iiin 79tli letter, *' Though tliii might happen, 
not liocnnao tlio moinitAiii'ti height ia loworo«t, but bnrntinn tJJio Hrra are 
weakened, and do not blaxn out with their fonnor voliomoiiee ; and for 
whioh reaaon it if that mich vast cloud* of »inoke are not aeon in the 
day-time. Yet neither of thcao aeera incredible, for the mountain may 
poaaibly be conramed hj^ being dailv devoured, and the firo not bo to 
large aa furmerty, aioce it b not •ell-generated here, but it kindled in 
the distant bowels of the earth, and there rages, beinc fed with con- 
tinnal fuel, not with that of the mountain, through whicn it only makes 
its passage.'* The subterraaean communication, *' by gnlleries,'* be- 
tween the volcanoes of Sicily, Lipari, Tithecnsa (Ischia), niid Venuvius. 
" of the last of which we may aniiccture that it formerly burned ana 
presented a 6ery circle/* seems fully understood by Strabo (lib. i., p 
(47 and 348). He terms the whole dtatric *' tab-ignMias.*' 
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alao observed to exist among the volcauie mountaim Qrii^ 
ba, Popocatepetl, Jorullo, aud Colima; and I have thown^ 
that they all lie in one direction between 18^ 59' and 19^ 12^ 
north latitude, and are situated in a transverse fissure running 
from sea to sea. The volcano of Jorullo broke forth on tha 
29th of September, 1759, exactly in this direction, and oTer 
the same transverse fissure, being elevated to a height of 1 604 
feet above the level of the surrounding plain. The mountaip 
only once emitted an eruption of lava, in the same manner ai 
ia recorded of Mount Epomeo in Ischia, in the year 1302 
But although Jorullo, which is eighty miles from any active 
volcano, is in the strict sense of the word a new mountain, it 
must not be compared with Monte Nuovo, near Puzzuolo, 
which first appeared on the 19th of September, 1538, and is 
rather to be classed among craters of elevation. I believe 
that I have furnished a more natural explanation of the erup- 
tion of the Mexican volcano, in compariug its appearance to 
the elevation of the Hill of Methone, now Methana, in the 
peninsula of TrcBzcuo. The description given by Strabo and 
Pausunias of this elevation, led one pf the lloman poets, most 
celebrated for his richuess of fancy, to develop views which 
agree in a remarkable manner with the theory of modem 
geognosy. " Near Troszene is a tumulus, steep and devoid of 
trees, once a plain, now a mountain. The vapors inclosed in 
dark caverns in vain seek a passage by which they may escape. 
The heaving earth, infiate4 by the force of the compressed 
vapors, expands like a bladder filled with air, or like a goat- 
skin. The ground has remained thus inflated, and the high 
projecting eminence has been solidified by time into a naked 
rock." Thus picturesquely, and, as analogous phenomena 
justify us in believing, thus truly has Ovid described that 
great natural phenomenon which occurred 282 years before 
our era, and, consequently, 45 years before the volcanic sepa- 
ration of Thera (Santorino) and Therasia, between Tnszene 
and Epidaurus, on the same spot where Russegger has found 
veins of trachyte .f 

* Humboldt, EtsM Politique $ur la Nouo. Espagne, t. ii., p. 173-175 

t Ovid'« deicription of the eruption of Metbooo {Melam.f zv., p. 2M 

906): 

** Near Trauene ttanda a hOl, expoMd in sir 
To winter winda, of leefy sludowt bare : 
This once wu lurel frouod ; but (strange to tell) 
Th' included vapon, that in oarema dwell, 
Laboring with coUc panga, and cloae conAood, 
In T«in tougbt iasue for tbo rumliling wind : 
Yet ttill they heaved for vent, aud heaving alfll 
Enlarged the concave and ahot np the hlU, 
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Lntohno ii the moet important of all Jie islands of ennh 
belonging to yolcanio chains.* " It oombinos within it 
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As breath •zteadf a bladder, or the akiaa 
Of goata are blown t* iodoM the hoarded wfaiee ; 
The mooataUi yeC retaiaa a moootaia'a Amm^ 
And fathered mbbiah heada the hoUow aMoe.** 

Thia deacriptkm of a dome-ahaped^ eloTation on the oontinent it of 
^reat importance in a geo^noatical point of Tiew» and coincidea to a r^ 
markable decree with Anatotla'a aocoant (Mttwr., ii., 8, 17-19) of the 
apheaval of lalanda of eruption : ** The heaviDff of the earth doea not 
ceaae till the wind (dviyiof) which occaaiona the ahocka haa made ita 
eacape into the cmat of the earth. It ia not long ago aince thia actually 
happened at Heraclea in Pontua, and a aimilar event forroeriy occoired 
at Uiera, one of the iEolian lalanda. A portion of the earth awelled up, 
and with loud noiae roae into the form of a hill, till the mighty urging 
blaat (frvfdfia) found an outlet, and ejected aparka and aabea wbicE 
ooTered the noighborhood of Lipari, and evon extended to aeTeral 
Italian citiea." In thia deacription, the Teaicular diatension of the 
earth'a cruat (a atage at which many trachjtic mountaina have remained) 
ia very well diatingoiabed from the eruption itaelf. Strabo, lib. i., p. 
59 (Oannbon), likewise deacribee the nbenomenon aa it occurred at 
Methone : near the town, in the Bay of Hermione, there aroae a flaming 
eruption ; a fiery mountain, aeven (f ) atadia in height, waa then thrown 
op, which during the day waa inacceaaible from ita heat and aulphure- 
oua atench, but at night evolved an apeeable odor (f ), and waa ao hot 
that the aea boiled for a diaUoce of five atadia, and waa turbid for full 
twenty atadia, and alao waa filled with detached maaaea of rock. R^ 
garding the preaont mineralogical charaotor of the poninaulaof Methana, 
aoo Fiodlor, Reim dmrtk QrUekenltmd, tli. i., a. S-'ir-SO:!. 

* [I atn indobtod to tlm kindnoaa of rrofoaanr K. Forboa for tlio fbl 
lowing intoroating account of Ujo ialaiid of Bantorino, and the acUncont 
iaUuida of Nookaiinoni and Microkaimonl. " The aapoct of tho iwy la 
that of a £roat crator fillod with water, Thora and Tboraaia forming ita 
walla, ana the other ialanda being after-productiooa in ita center. Wa 
■ounded with 350 (athoma of line in the middle of the bay, betweeo 
Theraaia and the main ialanda, but got no bottom. Both theae ialanda 
appear to be aimilarly formed of aucceaaive atrata of volcanic aahea, 
which, being of the nxwt vivid and variegated colore, preaent a atrikiog 
coo treat to Uie black and ciudery aapect of the central ialea. Neokai* 
meni, the laat-formed ialand, ia a great heap of obaidian and acoris. 
So, alao, ia the greater maaa, Miorokaimeni, which riaca up in a conical 
form, and haa a cavity or crater. On one aide of tljia ialand, however, 
a aection ia ezpoaed, and cliffa of fine pumiceoua aah appear atralifiea 
in the greater ialanda. In the main ialand, the volcanic atrata abut 
againat the limeatone maaa of Mount St Eliaa in anch a way aa to lead 
to the inference that they were depoaited in a aea bottom in which the 
preaent mountain roae aa a aubmarine maaa of rook. The people at 

unfrequei 



Santorino aainred oa that aubterraaean noiaea are not unfrequeatly 
beard, eapecially during calma and aouth winda, when they aay tha 
water of |iarta of the bay becoroea the color of aulpbur. M^ own im- 
preaaion ia, that thb group of ialanda couatitotea a crater of elevation, 
of which the outer onea are the remaina of the walla, while the central 
group are of later origin, and oooaat partly of apbeaved tea bottona 

Vol. I. — L 
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•elf the history of all islands of elevatioa. For upward of 
2000 years, as far as history and tiadition certify, it would 
appear as if nature woro striving to form a volcano in the 
midst of the crater of elevation."* Similar insular elevar 
tions, and almost always at regular intervals of 80 or 90 
years,! have heen manifested in the island of St. Michael, in 
the Azores ; hut in this case the hottom of the sea has not 
been elevated at exactly the same parts.| The island which 
Captain Tillard named Sabrina, appeared unfortunately at 
a time (the 30th of January, 1811) when the political rela- 
tions of the maritime nations of Western Europe prevented 
that attention being bestowed upon the subject by scientifio 
institutions which was afterward directed to the sudden ap- 
pearance (the 2d of July, 1831), and the speedy destruction of 
the igneous island of Ferdinandea in the oicilian Sea, between 
the limestone shores of Sciacca and the purely volcanic island 
of Pantellaria.f 

and partly of empted matter — erupted, however, beneath the surface 
oflho water."]— Tr. 

* Loop. Yon Duch, Phytik. Bachr. der Canar, InseU, 6. 356-358, 
and particularly the French translation of this excellent work, p. 402 ; 
and his memoir in Poggendorf's AnneUen, bd. xxxviii., s. 183. A sub- 
marine island has quite recently made its appearance within the crater 
of Santorino. In 1810 it was still fifteen fathoms below the surface of 
the sea, but in 1830 it had risen to within throe or four. It rises steeply; 
like a great cone, from the bottom of the sea, and the coutiuuous ac 
tivity of the submarine crater is obvious from the circumstance that sul 
phurous acid vapors are mixed with tlie sea water, in the eastern bay 
of Neokaimeni, in the same manner as at Vromolimni, near Methana. 
Ooppered ships lie at anchor in the bay in order to get their bottoms 
dooued and polished by this natural (volcanio) process. (Virlot, in the 
BuUetin de la 8oeiiU uioioriquc dt Pranett t iii., p. 109, and Fiedler, 
Rate durek Orieekenland, tn. li., s. 469 and 584.) 

t Appearance of a new island near St. Miguel, one of ttie Azores, 11th 
of June, 1638, 31st of December, 1719, 13th of June, 1811. 

t [My esteemed friend. Dr. Webster, professor of Chemistry and 
Mineralogy at Harvard College, Oambridge, Massachusetts, U. S., in 
his Deteription of ike Island inSi. Michael, 4rC't Boston, 1822, gives an 
interesting account of the sudden appearance of the island named Sa- 
brina, which was about a mile in circumference, and two or three 
hundred feet above the level of the ocean. After continuing for some 
weeks, it sank into the sea. Dr. Webster describes the whole of the 
island of St. Michael as volcanic, and containing a number of conical 
hUls of trachyte, several of which have craters, and appear at some 
former time to have been the openings of volcanoes. The hot springs 
which abound in tlie island are impregnated with sulphureted hydro* 
gen and carbonic acid gases, appearing to attest the existence of vol* 
eauio action. l—Tr. 

i Pr6vost,m lliu Bullelin de la SocUU GMogique, U iii., p. 34; Friod 
rich HofTman, Hinterlattene IVerke, bd. ii.. s. 451-456. 
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The geographical distribution of the volcanoes which have 
been in a state of activity during historical times, the great 
number of insular and littoral volcanic mountains, and the oo* 
easional, although ephemeral, eruptions in the bottom of the 
sea, early led to the belief that volcanic activity was connect* 
ed with the neighborhood of the sea, and was dependent upon 
it for its continuance. *' For many hundred years,** says Jua- 
tinian, or rather Trogus Pompeius, whom he follows,* " iBtna 
and the iEolian Islands have been burning, and how could 
this have continued so long if the fire had not been fed by the 

* " Accedant Ticiiii et peqpotat iEtns niontM igoet et inBalmmm 
^Colidum,veluti ipsis undis alatar incendium ; neque euim aliterdamre 
tot Mcolis taiitas ignis potaiaset, nisi humoris ntitrimentis aleretur." 
(Justin, Hi$i. Philipp.t iv.f !•) The volcanic theory with which the 
physical description of Sicily here begins is extremely intricate. Deep 
strata of stilplinr ainl rosin ; a very thin soil fnll of cavitioa and easily 
fiflsiirud ; Ti«>lont motion of tlio waves of the sea, which, as they strike 
ti»gethor, draw down tlio air (the wind) for the maintenance of the firot 
such are tlie elements of the theory of Trogns. Since he soems from 
I'liny (xi., 52) to have been a physiognomist, we may presume tliat his 
numerous lost works were not confined to history alone. The opinion 
that air is forced into the interior of the earth, there to act on the vol- 
canic furnaces, was connected by the ancionts with Uio siip|K)sed influ- 
ence of winds from different qnarters on the intensity of the fires burn- 
ing in iEtna, Hiera, and Stromboli. (See the remarkable fmssage in 
Strabo, lib. vi., p. 275 and 276.) The mountain island of Stromboli 
(Strongyle) was regarded, therefore, as the dwelling-place of iEolua, 
" the regulator of the winds,'* in consctiueuco of the sailors foretelling 
tho weather from the activity of the rolcanio eruptions of this islana! 
The connection between the eruption of a small volcano with the state 
of the barometer and tlie direction of the wind is still generally recog- 
nized (Leop. von Duch, Dtier. Pkyt. de$ lies Canaries, n. 334; lluB*- 
mann, in Poggend., AnnaleHf bd. xxvi., s. viiiOi althougn our present 
knowledge ofvolcanic phenomena, and the slight changes of atmoe- 
pheric pressure accompanying our winds, do not enable us to offer any 
satisfactory explanation of the fact. Bembo, who durins his youth waa 
brought up in Sicily by Greek refugees, gave an agreeaule narrative of 
his wnnderingn, and in his jKima Dialognt (written in the middle of 
tlin sixteenth century) advancoa tho theory of the ponotmtion of sea 
water to tho very ccntor of the vulcanic action, and of tho necessity of 
the pmximity of tlie sea to active volcanoes. In ascending ^tna the 
following question was proposed : " Bxplana pntius nobis qnto jietimiii, 
ea incendia tmde oriantur et orta qnomodo pcrdurent In omni tollurs 
nusptam m^gores fistulsB aut meatus amplioros stmt quam in locts, qnss 
vel mari vicina sunt, vel a mari protinus allunntur: mare orodit ilia 
lacillime pergitque in viscera terns. Itaque cum in aliena regiia sibi 
viam (aoiat, ventis etiam faciti ex quo fit, ut loca queqne maritima 
maxima teme motibus sabiecta sint, parum mediterranea. Habaa 
nunra in salfuris venas venti furentea inoiderint, unde incendia oriaotor 
^tna> tuic. Vides, qna> mare in radicibus liabeat, qua* aulfurea sit, 
quie cavernosa, qua* a mari aliqoando perforata ventoa admiaerit tnUx^ 
antes, per qaoa idonea flamma matariea inoenderetor.*' 
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neighboring sea ?"* In order to explain the necessity of the 
vicinity of the sea, recourse has been had, even in modern 
times, to tho hypothesis of the penetration of sea water into 
the foci of volcanic agency, that is to say, into dcep-«eated 
terrestrial strata. When I collect together all the facts that 
may be derived from my own observation and the laborious 
researches of others, it appears to me that every thing in this 
involved investigation depends upon the questions whether the 
great quantity of aqueous vapors, which are unquestionably 
exhaled from volcanoes even when in a state of rest, be de- 
rived from sea water impregnated with salt, or rather, perhaps, 
with fresh moleoric water ; or whether tho expansive force of 
tho vapors (which, at a depth of nearly 94,000 feet, is equal 
to 2800 atmospheres) would be able at diflerent depths to 
counterbalance the hydrostatic pressure of the sea, and thus 
afford them, under certain conditions, a free access to the 
focus ;t or whether tho formation of metallic chlorids, tho 
presence of chlorid of sodium in the fissures of the crater, and 
the frequent mixlure of hydrochloric acid with the aqueous 
vapors, necessarily imply access of sea water ; or, finally, 
whether the repose of volcanoes (either when temporary, or 
permanent and complete) depends upon the closure of the 
channels by which the sea or meteoric water was conveyed, 
or whether the absence of flames and of exhalations of hydrogen 
(and sulphureted hydrogen gas seems more characteristic of 
Bolfataras than of active volcanoes) is not directly at variance 

* [Althoueb extinct voloanoet seem by no means confined to the 
neigliborhoou of tho proaont aoiui, boing often scatforad over tlie muet 
iuluud jwrtionB of our exinting coutiuenU, yut it will a()i>eiir tliut, at tlio 
time at which they were in an active itate, the greater {mrt wure in the 
neighborhood either of the sea, or of the extensive salt or fresh water 
luken, wliich exintod at tliat period over much of what is now dry land. 
This may bo seen either by referring to Dr. Dou6'b map of Buropo, or 
lo that publittlied by Mr. Lyell in the recent edition of uih PrincipUs of 
Geology (1847), from both of which it will become apparent that, at a 
comparatively recent epoch, those parts of France, of Germany, of 
Hungary, and of Italy, which afford evidences of volcanic action now 
extinct, were covered by the ocean. Daubeney On Volcanoes, p. 605.] 
— Tr. 

t Compare Gay-Lusaac, 8ur Us Volcans, in the Annales de Chimie, 
t. xxii., p. 427, and Dischof, Wdrmelehre, a. 272. Tho eruptions of 
smoke and steam which have at different periods been seen m Lance 
rote, Iceland, and the Kurile Islands, during the eruption of the neigh 
boring volcanoes, afford indications of the reaction of volcanic foci 
through tense columns of water ; that is to say, these phenomena oo 
cur when the expansive force of the vapor exceeds the hydrottatio 
pressure. 
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with the hypothent of the dooompontion of great maaiei of 
water ?♦ 

The diflousuon of these important physical questions docs 
not come within the scope of a work of this nature ; hut, while 
we are considering these phenomena, we would enter somewhat 
more into the question of the geographical distribution of still 
active volcanoes. We find, for instance, that in the New World, 
tliree, viz., Jorullo, Popocatepetl, and the volcano of De la 
Fragua, are situated at the respective distances of 80, 132, 
and 196 miles from the sea-coast, while in Central Asia, as 
Abel R^usatt first made known to gcognosists, the Thian- 
Bchan (Celestial Mountains), in which are situated the lava- 
emitting mountain of Pe-schan, the solfatara of Unimtsi, and 
the still active igneous mountain (Ho-tscheu) of Turfan, lie at 
an almost equal distance (1480 to 1628 miles) firom the shores 
of the Polar Sea and those of the Indian Ocean. Pe-schan is 
also fully 13G0 miles distant from the Caspian Sea,t and 172 
and 218 miles from the seas of Issikul and Balkasch. It is 
a fact worthy of notice, that among the four great parallel 
mountain chains which traverse the Asiatic continent from 
east to west, the Altai, the Thianschan, the Kuen-lun, and 
the Himalaya, it is not the latter chain, which is nearest to 
the ocean, but the two inner ranges, the Thianschan and the 
Kuen-lun, at the distance of IGOO and 720 miles from the sea, 
which have fire-cmitting mountains like iEtna and Vesuvius, 
and generate ammonia like the volcano of Guatimala. Chi- 
nese writers undoubtedly speak of lava streams when they de- 
scribe the eminions of smoke and flame, which, inuing from 
Po-schan, devastated a space measuring ten lit in the first 
and seventh centuries of our era. Burning masses of stone 
flowed, according to their description, " like thin melted fat." 
The facts that have been enumerated, and to which sufficient 
attention has not been bestowed, render it probable that the 
vicinity of tlio sea, and the {lenotratioii of sea water to the foci 
of volcanoes, aro not absolutely necessary to the eruption of 

* [See Dftubeney On Vokamoei, Part iii., ch. zxxri., uuvHL, zxxU.] 
— Tr. 

t Abel B^moMt, L^Ure a M, Corditr, in Uie AnmaUt d4 Ckimu, t v^ 
p. 137. 

X Hamboldr, AtU CetUralt, t. ii.,p. 30-33. 38-52,70-80. and 426-428. 
The exiitence of active Tolcanoet in Kordofan, 540 milM from the Red 
Bee, liu been rcceutly contradicted by BOp(icll, Rosen m Nubien, 1820, 
t. 151. 

^ [ A /• is a nhinene meeaarement, eqoal to about one thirtieth of a 
milr.l — Tr. 
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Bubtcnranean Are, and that littoral situations only favor the 
eruption by forming tho margin of a deep sea basin, which» 
covered by strata of water, and lying many thousand foot lower 
than the interior continent, can ofier but an inconsiderable 
degree of resistance. 

The present active volcanoes, which communicate by per- 
manent craters simultaneously with the interior of the earth 
and with the atmosphere, must have been formed at a subse- 
quent period, when the upper chalk strata and all the tertiary 
formations were already present : this is shown to be the fact 
by the trachytic and basaltic eruptions which frequently form 
the walls of the crater of elevation. Melaphyres extend to the 
middle tertiary formations, but are found already in the Jura 
limestone, where they break through the variegated sandstone.* 
We must not confound the earlier outpourings of granite, quartz- 
ose porphyry, and euphotido from temporary fissures in the old 
transition rocks with tho present active voloanic craters. 

The cxtiuctiou of volcanic activity is either only partial^ 
in which cuso tho subterranean fire seeks another passage of 
08ca))e in the same mountain chain— or it is total, as in Au- 
vergiie. More recent examples are recorded in historical times, 
of the total extinction of the volcano of Mosychlos,t on the 
island sacred to Ilephiestos (Vulcan), whose " high whirling 
flames" were known to Sophocles ; and of the volcano of Me- 
dina, which, according to Burckhardt, still continued to pour 
out a stream of lava on the 2d of November, 1276. Every 
stage of volcanic activity, from its first origin to its extinction, 
is characterized by peculiar products ; first by ignited scori», 
streams of lava consisting of trachyte, pyroxene, and obsidian, 
and by rapilli and tufaoeous ashes, accompanied by the devel- 

* Dufr^uoy et Elie de Beaumont, Explication de la Carle Oiologiqvi 
de la France, t i., p. 89. 

t Sophoc].^ Pkiloct.t V. 971 and 972. On the supposed epoch of tho 
oxtiuction of the Lemnian fire in the time of Alexander, compare Butt- 
maun, in the Muteum dcr AUerlkutntwissenMehaft, ImI. i., 1807, s. 295 ; 
Duroau de la Malle, in MaUe-Brun, Annales des VoyageSt t. ix., 1809, 
p. 5 ; Ukert, in Bortuch, Oeogr. Epkemeriden, bd. xxxix., 1812, s. 3G1 ; 
Rhode, Res Lemnica, 1829, p. 8; and Walter, Ueber Abnahme der Vvl- 
kan. Thatigkeii in Hiiioriscken Zeiien, 1814, s 24. The chart of Lcm- 
lios, coutttnicted by Ohoiscul, makes it extremely prol»»blo that ihu ex- 
tinct crater of Monychlos, and the ittland of Chryse, the desert habitation 
uf Piiiluctetcs (Otfried MoUer, Minyer, s. 300), have been long swal- 
lowed up by tho sea. Reefs and shoals, to the northeast of I«omnos, 
iitill indicate tliu s|N)t whoru tho ilCguuu Sua once |NUMoii8cd an active 
volcano like A'tna, Vesuvius, Btromboli, and Volcano (in tho Li pari 
Isles^. 
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o[iinent of large quantities of puxe aqueous yapor ; subsequent^ 
ly, when the volcano becomes a solfatara, by aqueous vapors 
mixed with sulphuretod hydrogen and carbonic acid gases ; 
and, fmally, when it is completely cooled, by exhalations of 
carbonic acid alone. There is a remarkable class of igneous 
mountains which do not eject lava, but merely devastating 
streams of hot water,* imprmmted with burning sulphur and 
rocks reduced to a state of dust (as, for instance, the Galun- 
gung in Java) ; but whether these mountains present a normal 
condition, or only a certain transitory modification of the vol- 
canic process, must remain undecided until they are visited by 
geologists possessed of a knowledge of chemistry in its present 
condition. 

I have endeavored in the above remarks to furnish a gen- 
eral description of volcanoes^-comprising one of the most im- 
portant sections of the history of terrestrial activity — and I 
have based my statements partly on my own observations, but 
more in their general bearin^ on the results yielded by the la- 
bors of my old friend, Leopold von Buch, the greatest geogno- 
sist of our own age, and the first who recognized the intimate 
connection of volcanic phenomena, and their mutual depend- 
ence upon one another, considered with reference to their rela- 
tions in space. 

Volcanic action, or the reaction of the interior of a planet on 
its external crust and surface, was long regarded only as an 
isolated phenomenon, and was considered sololy with respect 
to the disturbing action of the subterranean force ; and it is 
only in recent times that — greatly to the advantage of geog- 
nostical views based on physical analoffies — ^volcanic forces 
have been regarded as farming new rocks, and transfamUng 
tho$e that already existed. We here arrive at the point to 
which I have already alluded, at which a well-grounded study 
of the activity of volcanoes, whether igneous or merely such 
as emit gaseous exhalations, loads us, on the one hand, to the 
mineralogical branch of geognosy (the science of the texture 
and the succession of terrestrial strata), and, on the other, to 
the science of geographical forms and outlines — the configura- 
tion of continents and insular groups elevated above the level 

* Oompare R«inwardt and HoflTmann, in Poggendorf *■ AnnaUm, bd. 
zii., t. 607 : Loop. Toa Bach. Deter, dts Ilea CanarUtt P. 424-426. The 
•niptiont of argillaceoas mud at Carguairazo, when Uiat volcano was 
daatrojed in 1698, the Lodazalet of Ignalata« and the Moja of Pelileo 
— «U on the table-Und of Quit >— are volcanic phenomena of a aimilar 
•Btnre. 
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of the Aea. This extended insight into the coi action of nat- 
ural phenomena is the result of the philosop lical direction 
which has hoon so generally assumed hy the more earnest 
study of geognosy. Increased cultivation of science and en- 
larc^ement of political views alike tend to unite elements that 
had long heen divided. 

If, instead of classifying rocks according to their varieties of 
form and superposition into stratified and unstratified, schistose 
and compact, normal and ahnormal, we investigate those phe- 
nomena of formation and transformation which are still going 
on before our eyes, we shall find that rocks admit of being ar- 
ranged according to four modes of origin. 

Rocks of eruption, which have issued from the interior of 
the earth either in a state of fusion from volcanic action, oi 
in a more or less sofl, viscous condition, from Plutonic action. 

Sedimentary rocks, which have heen precipitated and de- 
posited on the earth's surface from a fluid, in which the most 
minute particles were either dissolved or held in suspension 
constituting the greater part of the secondary (or flotz) and 
tertiary groups. 

Transformed or metatnorj^iic rocks,^ in which the internal 
texture and the mode of stratification have heen changed, ei- 

* [As the doctrine of mineral metamorplpBin u now ezciiing very 
general attention, we luhioin a few explanatory observations by the 
celebrated Swiss philosopher. Professor Studer, taken from the Edinb* 
New Philos, Joum., Jan., 1848: " lu its widest sense, mineral meta* 
morphism means every change of aggregation, structure, or chemical 
conaition which rocks liave undergone suosequently to their deposition 
and stratification, or the effects ^^ich have been produced by other 
forces than gravity and cohesion. There fall under this definition, tlio 
discoloration of the surfuoo of block limestone by tho loss of carbon ; 
the formation of brownish-red crusts on rocks of limestone, sandstone, 
many slate stones, serpentine, granite, &c., by the decomposition of iron 
pyrites, or magnetic iron, finely disseminated in the mass of the rock ; 
the conversion of anhydrite into cypsum, in consequence of the absorp* 
tion of water ; the crumbling of many granites and porphyries into 
gravel, occasioned by the decomposition of the mica and lelchipar. In 
ts more limited sense, the term roetamorphic is confined to those 
chances of the rock which are produced, not by the effect of the at- 
mospnere or of water on the exposed surfaces, but which are produced, 
directly or indirectly, by asencies seated in the interior of the earth. 
In many cases the mode of change may be explained by our physical 
or chemical theories, and may be viewed as the effect of temperature 
or of electro-chemical actions. Adjoining rocks, or connecting com- 
munications with the interior of the earth, also distinctly point out the 
seat from which the change proceeds. In many other cases the meta- 
morphic process itself remams a mystery, and from the nature of the 
products aluno do wo coucludu that such a motamorphio action has 
takou place, j— TV. 
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ther by oontact or praximitv with a Plntonio or volcanio en- 
dogonouB rook of oniption,* or, what is moro frequently the 
case, by a gaseous sublimation of substanoosf which aeoom- 
pany certain masses erupted in a hot fluid condition. 

ConglomercUes ; coarse or finely granular sandstones, or 
breccias composed of mechanically-divided masses of the three 
previous species. 

I'hese four modes of formation — ^by the emission of volcanio 
masses, as narrow lava streams ; by the action of these masses 
on rocks previously hardened; by mechanical separation or 
chemical precipitation from liquids impregnated with carbonic 
acid ; and, finally, by the cementation of disintegrated rocks 
of heterogeneous nature— are phenomena and formative pro 
cesses which must merely be regarded as a faint reflection of 
that more energetic activity which must have characterized 
the chaotic condition of the earlier world under wholly diflbr- 
ent conditions of pressure and at a higher temperature, not 
only in the whole crust of the earth, but likewise in the moro 

* In A plan of the noishborhood of Tezcaco, Totonilco, and Momn 
(Atlas QiograpkiauM d Pkwiquet pi. vii.), which I originally (1^^) 
intended for a woik which I never poblished, entitled Pa$igra/ia Oeog* 
HOMiica d^ttinada at mso d§ lo§ Jo9«n§s d§l CoUgio d€ Min^ria dt Mexi- 
co, I named (in 1832^ the Plutonic and Tolcanic emptiTO rock* endog^ 
nou§ (gonoratod in tlie intorior), and the todiinoiitary aiwl (lets rocki 
exogenani (or gonoratod oxtomally on the rarface of the onrtli). l*aai* 
grnphically, the former woro doatgnatod br sn arrow diroctod up- 
ward f , and the latter by the tame ■jmbol dirocteil downward \, 
Thoae lignt have at least aome advanta^ over the ascending linea, 
which in the older ■ystemi represent arbitrarily and nngracefuUy the 
horixontallv ranged sedimentary strata, and their penetration thronch 
masses of basalt, porphyry, ana syenite. The names proposed in tae 
pasigraphioo-ffeognostic plan were borrowed from De Caodolle's nomen 
clatore, in wnich tndogencus is synooymoos with monocotyledonons, 
and exogenous with dicotyledonous plants. Mohl*s more accurate ex- 
amination of vegetable tissues has, however, shown that tlie growth of 
tntMKicotylodons fnnn within, and dic(»tylo«lons fmm witJiotit, is not 
strictly and generally true for veffotab(o orcaiiisms ^Link, Elemenia 
PkUowpkut BcUmkit, t. i., 1837, p. 287 ; Endlicher and Uiiger, Orund' 
«ftre dtr Doiamk, 1843. s. 89 ; and Jossieo. Trmli de Dotamique, i, i., 
p. 85). The rocks which I have termed endogenous are characteristio- 
aliy distinguished by Lyell, in his Prinmpiee of Oeoiogf, 1833, vol. iii, 
p. 374, as ** nether-formed'* or *' hypogene rooks.** 

t Compare Leop. von Boch, f7s^ DohmU ale Qthirgtari^ 1823, a. 
M ; and his remarks on the degree of fluidity to be ascribed to Plutonio 
rocks at the period of their eruption, as well as on tlie formation iff 
gneiss from schist, through the action of aranite and of tlie substancea 
upheaved with it, to be Ibond in the AlSiandl. der Akad. der Wieeiei^ 
eeJL tm Berlin for the year 1842, a. 58 und 63, and in the Jmkrhmek/ht 
Wueeneeha/UUke Krkik, 1840, s. 195. 

L2 
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extended atmosphere, overloaded with vapors. The vast fis' 
Bures which were formerly open in the solid crust of the earth 
have sinc« heen fdled up or closed hy the protrusion of eleva- 
ted mountain chains, or hy the penetration of veins of rocks of 
eruption (granite, porphyry, hasalt, and melaphyre) ; and while, 
on a superficial area equal to that of Europe, there are now 
scarcely more than four volcanoes remaining through which 
fire and stones are erupted, the thinner, more fissured, and un- 
stahlo crust of the earth was anciently almost every where 
covered by channels of communication botwocu the fused in- 
terior and the external atuiospherc. Gaseous emanations, ris- 
ing from very unequal depths, and therefore conveying sub- 
stances diflering in their chemical nature, imparted greater 
activity to the Plutonic processes of formation and transform- 
ation. The sedimentary formations, the deposits of liquid fluids 
from (iold and hot springs, which wo daily see producing tlie 
travertine strata near Home, and near Ilobart Town in Van 
Diemen's Land, aflbrd but a faint idea of the flotz formation. 
Ill our seas, small banks of limestone, almost equal in hardness 
at some parts to Carrara marble,* are in the course of forma- 
tion, by gradual precipitation, accumulation, and cementation 
-—processes whose mode of action has not been sufficiently 
well investigated. The Sicilian coast, the island of Ascension, 
and King George's Sound in Australia, are instances of this 
mode of formation. On the coasts of the Antilles, these 
formations of the present ocean contain articles of pottery, 
and other objects of human industry, and in Guadaloupe even 
human skeletons of the Carib tribes.t . The negroes of the 
French colonies designate these formations by the name of 
Maconne'bon-jyieu.X A small oolitic bed, formed in Lan- 
cerotOy one of the Canary Islands, and which, notwithsland- 

* Darwin, Voleame Islands^ 1844, p. 49 and 154. 

t [In nuMt iiistoiicoa the boaet are dispersed ; but a largealab of rock, 
in which a considerable portion of the skeleton of a female is imbedded, 
J8 preserved in tlie British Maseum. The presence of these bones has 
been cxpluiuod by tlie circumstance of a battle, and the massacre of a 
tribe of Gallibis by the Caribs, which took place near the spot in which 
they are found, alxtut 120 years a^ ; for, as the bodies of the siuin 
were interred on the sea-«hore, their skeletons may have been subse- 
quently covered by sand-drift, which has since consolidated into lime- 
stone. Dr. Moultrie, of the Medical College, Charleston, South Caro- 
lina, U. S., is, however, of opinion thut these bones did not belong to 
individuals of the Carib tribe, but of the Peruvian race, or of a tribe 
possessing a siniiliu* criiniologiciildev«'io[Mnont.] — Tr. 

t Mureau de Jonnds, Hist. Fhys. de$ AnliUeSt t. i., p. 13G, 138, and 
543; Humboldt, Relation Hi§torique, t. iii., p. 367. 
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mg its recent formation, bears a resemblance to Jura lime- 
stone, has been recognized as a product of the sea and of tem- 
pests.* 

Composite rocks are definite associations of certain oryctog* 
nostic, simple minerals, as feldspar, mica, solid silex, augite, 
and nephehne. Rocks very similar to these, consisting of the 
same elements, but grouped diflerentlj, are still formed by 
▼oleanic processes, as in the earlier periods of the world. The 
character of rocks, as we have already remarked, is so inde- 
pendent of geographical relations of 8pace,t that the geologist 
recognizes with surprise, alike to the north or the south of 
the equator, in the remotest and most dissimilar zones, the 
familiar aspect, and the repetition of even the most minute 
characteristics in the periodic stratification of the silurian 
strata, and in the oflccts of contact with augitio masses of 
eruption. 

We will now enter more fully into the consideration of the 
four modes in whioh rocks are formed — the four phases of 
their formative processes manifested in the stratifiea and nn- 
stratified portions of the earth's surface ; thus, in the endog- 
enous or erupted rocks, designated by modern geognosists as 
compact and abnormal rocks, we may enumerate the follow- 
ing principal groups as immediate products of terrestrial ac- 
tivity : 

1. Granite and syenite of very different respective ages ; 
the granite is froauontly the moro rocont4 traversing the sy- 
enite in veins, and being, in that case, the active upheaving 
agent. " Whore the granite occurs in largo, insulated masses 
of a faintly-arched, ellipsoidal form, it is covered by a crust or 
shell clef\ into blocks, instances of which are met with alike 
in the Uartz district, in Mysore, and in Lower Peru. This 
tea of rocks probably owes its origin to a contraction of the 
surface of tho granite, owing to the great expansion that ao* 
ooni|)aniod its first upheaval. "f 

Both in Northern Asia,|| on tlio charming and romantio 
shores of the Lake of Kolivan, on tho northwest doolivity of 

* Near Tegniza. Loop, von Doeh, Ctmaritck^ Ina^ t. 301. 

f Leop. von Bach, op. cit, p. 9. 

I Dernhard GotU, O^ogtume, 1839, •. 273. 

\ Leop. Ton Boch, Uiktr Oramii find OneUi, in the AbkandL dtr B^rL 
Akad. for the jear 1842, ■. 60. 

I In the projecting mural maacea of granite of Lake Kolivan, divided 
Into narrow pamllel be«li, there are numerouii cryatala of feldapar and 
albite, and a fevr of titanium (Humboldt, AtU UmUrait, t i., p. 295, 
OoiCav Roie, Rtitt nock dem Ural, bd. i., ■. 524). 
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the Altai Mountaiiu, and at Las Trincheras, on the slope of 
the littoral chain of Caraccas,* I have seen granite divided 
into lodges, owing probably to a similar contraction, although 
the divisions appeared to penetrate far into the interior. Fur- 
ther to the south of Lake Kolivan, toward the boundaries of 
the Chinese province Ili (between Buchtarminsk and the 
River Narym), the formation of the erupted rock, in which 
there is no gneiss, is more remarkable than I ever observed in 
any other part of the earth. The granite, which is always 
covered with scales and characterized by tabular divisions, 
rises in the stoppos, cither in small hemispherical eminences, 
scarcely six or eight foot in height, or liko basalt, in mounds, 
terminating on either side of their bases in narrow streams.! 
At the cataracts of the Orinoco, as well as in the district 
of the Fichtelgebirge (Seissen), in Galicia, and between the 
Pacifio and the highlands of Mexico (on the Papagallo), I 
have seen granite in largo, flattened spherical mosses, which 
could bo divided, liko basalt, into concentric layers. In the 
valley of Jrtysch, botwoou Buohtanniusk and Ustkamonogorsk, 
granite covers trausitiou slate for a space of four milcs,f pen- 
etrating into it from above in narrow, variously ramified, 
wedge-like veins. I have only instanced these peculiarities 
in order to designate the individual character of one of the 
most generally diffused erupted rocks. As granite is super- 
posed on slate in Siberia and in the D6partement de Finisterre 
(Isle de Mihau), so it covers the Jura limestone in the mount- 
ains of Oisons (Ferments^, and syenite, and indirectly also 
chalk, in Saxony, near Weinbdhla.f Near Mursinsk, m the 
Uralian district, granite is of a drusous character, and here 
the pores, like the fissures and cavities of recent volcanic prod- 
ucts, inclose many kinds of magnificent crystals, especially 
beryls and topazes. 

2. Quartzose porphyry is often found in the relation of 
veins to other rocks. The base is generally a finely granular 
mixture of the same elements which occur in the larger im- 

• Humboldt, Relation Huiariauet t. ii., p. 99. 

t Seo tbo skutch of Diri-tau, wiiich I took from the south side, where 
the Kirghis tents stood, aud which is given in Rose's Reite, bd. i., s. 584. 
On spheres of granite scaling off concentrically, see my Relai. HUi., t. 
ii., p. 497, and E$tai Qiogn, aur U$ QUememt de$ RocKeu, p. 78. 

X Humboldt, Atic CetUrale, X. i., p. 299-311, and the drawings in 
Rose*si2eMe, bd. i., s. 611, in which we see the curvature in the layers 
of ffranite which Loop, von Duch has i>oiuted out as characteristic. 

% This remarkable supur|iu«ition was limt duscribod by Woitfs in 
Karsten*s Arehw f^r Bergbau und U^Uenweten, bd. xvi., 1827. s. 5. 
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bedded ciystali. In granitic porphyry that is very poor in 
quartz, the feldspathio base ii almost granular and laminated.* 

3. CrreensUme$, Diarite, are granular mixtures of white 
albite and blackish-green hornblende, forming dioritic porphy- 
ry when the crystals are deposited in a base of denser tissue. 
The greenstones, either pure, or inclosing lamina) of diallage 
(as in the Fichtelgebirge), and passing into serpentine, have 
sometimes ponotrated, in the form of strata, into the old strat- 
ified fissures of green argillaceous slate, but thoy moro fre- 
quently traverse the rocks in veins, or appear as globular 
masses of greenstone, similar to domes of basalt and porphyry. t 

HyperUJume rock is a granular mixture of labradonte and 
hjrporsthene. 

JSuphotide and serpentine, containing sometimes crystals 
of augito and uralitc instead of diallngo, are thus neatly allied 
to another more frequent, and, I might almost say, more en 
ergetic eruptive rock — augitio porphyry.) 

Mdaphyre, auffitio, uralitic, and oligoklastio porphyries 
To the last-named species belongs the genuine verd-antique^ 
BO celebrated in the arts. 

Basaltf containing olivine and constituents which gelatin- 
ize in acids ; phonolithe (porphyritic slate), trachyte, and dol- 
erite ; the first of these rocks is only partially, and the second 
always, divided into thin laminie, which give them an ap- 
pearance of stratification when extended over a large snaoo. 
Mesotypo and nophdino constitute, according to Giranl, an 
important part in the composition and internal texture of ba- 
salt. Tho nephelino contained in basalt reminds the geog- 
nosist both of the miasoite of the Ilmen Mountains in the 
Ural,t which has been confounded with granite, and some- 
times contains zirconium, and of the pyroxenio nepheline dis- 
covered by Gumprecht near Lobau and Chemnitz. 

To the second or sodimentarv rocks belong the greater part 
of the formations which have boon comprised unuer the old 

* Dnfreooy ot Blie de Demimont, OiologU de la France t. i., p. 130. 

t These intercalated bed* of diorite play an important part in the 
roonntain district of Nailaa, near Bteben, where I wat engaged in 
mining operations in the last century, and with which the happiest ■•■ 
sociations of my earlr life are connected. Oompare Hoffmann, in Pog* 
geodorTs Annaltn, bd. zTi., s. 558. 

X In tho soutliem and Dashkirian portion of the Ural. Boae, JUim, 
bd. ii., s. 171. 

\ O. Kote, R«i9e maek dem Ural, bd. ii.. s. 47-52. Respecting the 
identity of eleolite and nepheline (the latter containing rather the mors 
lime), see Scbae r ar, in Poggeod., AnnmUm, bd. sliz., a. 35S-381. 
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lystematic, but not verj correct designation of transition, flotz 
or secondary, and tertiary forftuUions, If the erupted rocks 
had not exercised an elevating, and, owing to the simultane- 
ous shock of the earth, a disturbing influence on these sedi- 
mentary formations, the surface of our planet would have 
consisted of strata arranged in a uniformly horizontal direc- 
tion above one another. Deprived of mountain chains, *on 
whose declivities the gradations of vegetable forms and the 
scale of the diminishing heat of the atmosphere appear to be 
picturesquely rofloctcd — furrowed only here and there by val- 
leys of erosion, formed by the force of fresh water moving on 
in gentle undulations, or by the accumulation of detritus, re- 
sulting from the action of currents of water— continents would 
have presented no other appearance from pole to pole than 
the dreary uniformity of the llanos of South America or the 
steppes of Northern Asia. The vault of heaven would every 
where have appeared to rest on vast plains, and the stars to 
rise as if they emerged from the depths of ocean. Such a 
condition of things could not, however, have generally pre- 
vailed for any length of time in the earlier periods of the 
world, since subterranean forces must have striven in all ep- 
ochs to exert a counteracting influence. 

Sedimentary strata have been either precipitated or depos- 
ited from liquids, according as the materials entering into 
their composition are supposed, whether as limestone or ar- 
gillaceous slate, to be either chemically dissolved or suspend- 
ed and commingled. But earths, when dissolved in fluids 
impregnated with carbonic acid, must be regarded as under- 
«[oing a mechanical process while they are being precipitated, 
deposited, and accumulated into strata. This view is of some 
unportance with respect to the envelopment of organic bodies 
in petrifying calcareous beds. The most ancient sediments 
of the transition and secondary formations have probably been 
formed from water .at a more or loss high temperature, and 
at a time when the heat of the upper surface of the earth 
was still very considerable. Considered in this point of view, 
a Plutonic action seems to a certain extent also to have taken 
place in the sedimentary strata, especially the more ancient ; 
but these strata appear to have been hardened into a schistose 
structure, and under great pressure, and not to have been 
solidified by cooling, like the rocks that have issued from the 
interior, as, for instance, granite, porphyry, and basalt. By 
degrees, as the waters lost their temperature, and wore able 
to absorb a copious supply of the carbonic acid gas with which 
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the atmosphere was overchargecl, they hceame fitted to hold 
in solution a larger quantity of lime. 

Tlie sedimentary strata, setting aside all other exogenous, 
purely mechanical deposits of sand or detritus, are as follows : 

Schist, of the lower and upper transition rock, composing 
the Silurian and devonian formations ; from the lower silurian 
strata, which were once termed oambrian, to the upper strata 
of the old red sandstone or devonian formation, immediately 
in contact with the mountain limestone. 

Carboniferous deposits : 

Limestones imbedded in the transition and carboniferous 
formations ; zechstein, muschelkalk, Jura formation and chalk, 
also that portion of the tertiary formation which is not includ- 
ed in sandstone and conglomerate. 

Traverline, frcsh-wator limestone, and silicious concretions 
of hot springs, formations which have not been produced un- 
der the pressure of a large body of sea water, but almost in 
immediate contact with the atmosphere, as in shallow marsh- 
es and streams. 

Infusorial deposits : goognostical phenomena, whose great 
importance in proving the influence of organic activity in the 
formation of the solid part of the earth's crust was first dis- 
covered at a recent period by my highly-gifled friend and fel- 
low-traveler, Ehrcnbcrg. 

If, in this short and superficial view of the mineral con- 
stituents of the earth's crust, I do not place immediately alter 
the simple sedimentary rocks the conglomerates and sandstone 
formations which have also been deposited as sedimentary 
strata from liquids, and which have been imbedded alternate- 
ly with schist and limestone, it is only because they contain, 
together with the detritus of eruptive and sedimentary rocks, 
also the detritus of gneiss, mica slate, and other metamorphio 
masses. The obscure process of this metamorphism, and the 
action it pitxluccs, must therefore com]K)so the third class of 
the fundamental forms of rock. 

Endogenous or erupted rocks (granite, porphyry, and mela- 
phyre^ produce, as I have already frequently remarked, not 
only aynamical, shaking, upheaving actions, either vertically 
or laterally displacing the strata, but thoy also occasion chang- 
es in their chemical composition as well as in the nature of 
their internal structure ; new rocks being thus formed, as 
gneiss, mica slate, and granular limestone (Carrara and Pa- 
rian marble). The old Silurian or devonian transition schists, 
the belemnitic limestone of Tarantaise, and the dull gray oal* 
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careous sandstone (Madgno), which contains algea found in 
the northern Apennines, often assume a new and more brill- 
iant appearance after their metamorphosis, which renders it 
difficult to recognize them. The theory of metamorphism 
was not established until the individual phases of the change 
were followed step by step, and direct chemical experiments 
on the diflbrence in the fusion point, in the pressure and time 
of cooling, were brought in aid of mere inductive conclusions. 
Where the study of chemical combinations is regulated by 
leading ideas,* it may bo the means of throwing a clear light 
on tiie wide field of geognosy, and over the vast laboratory of 
nature in which rocks are continually being formed and mod- 
ified by the agency of subterranean forces. The philosophical 
inquirer will escape the deception of apparent analogies, and 
the danger of being led astray by a narrow view of natural 
phenomena, if he constantly bear in view the complicated 
conditions which may, by the intensity of their force, have 
modified the counteracting eOect of those individual substan 
ces whose nature is better known to us. Simple bodies have, 
no doubt, at all periods, obeyed the same laws of attraction, 
and, wherever apparent contradictions present themselves, I 
am confident that chemistry will in most cases be able to 
trace the cause to some corresponding error in the experiment. 
Observations made with extreme accuracy over large tracts 
of land, show that erupted rocks have not been produced in an 
irregular and unsystematic manner. In parts of the globe moet 
remote from one another, we oflen find that granite, basalt, and 
diorito have exercised a regular and uniform metamorpliic ac- 
tion, even in the minutest details, on the strata of argillaceous 
slate, doiiBO limestone, and the grains of quartz in sandstones. 
As the same endogenous rock manifests almost every where the 
same degree of activity, so, on the contrary, different rocks be- 
longing to the same class, whether to the endogenous or the 
erupted, exliibit great difierences in their character. Intense 
heat has undoubtedly influenced all these phenomena, but the 
degree of fluidity (the more or less perfect mobilitv of the parti- 
cles — their more viscous composition) has varied very consid- 
erably from the granite to the basalt, while at different geo* 

* Soe the admirable roBearohes of Mitscherlich, in the Abhandl. dm 
Berl. Akad, for the years 1822 and 1823, a. 25-41 ; and in Poggend., 
Annalcn, bd. x., e. 137-152; bd. xi., •. 323-332; bd. xli., 8. 213-216 
(Gustav Rose, Ucbcr BiUung des Kalkspaths und AragOtiiU, in Tog 
geud , Annalenf bd. xli., e, 353-36G ; Iluidinger, in the Traniaction$ 
9/ the Royal Society <if Edinburgh, 1827, p. 148.) 
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wogioal periodB (or moUmorphio phaies of tho earth's cruiit) 
other subelancos diBsoivcd in vapors have issued from the in- 
terior of the earth simultaneously with the eruption of granite, 
basalt, greenstone porphyry, and serpentine. This seems a 
fitting place again to draw attention to the fact that, accord- 
ing to the admirable views of modem geognosy, the meta* 
morphism of rocks is not a mere phenomenon of contact, limit- 
ed to the eflect produced by the apposition of two rocks, since 
it comprehends all the generic phenomena that have accom- 
panied the appearance of a particular erupted mass. Even 
where there is no immediate contact, the proximity of such a 
mass gives rise to modifications of solidification, cohesion, gran- 
nlation, and crystallization. 

All eruptive rocks penetrate, as ramifying veins, either into 
the sedimentary strata, or into other equally endogenous mass- 
es ; but thoro is a siiecial importance to bo attached to the 
diflercnco manifested between Plutonic rocks* (granite, por- 
phyry, and serpentine) and those termed volcanic in tho strict 
sense of the word (as trachyte, basalt, and lava). The rocks 
produced by the activity of our present volcanoes appear as 
band-like streams, but by the confiuence of several of them 
they may form an extended basin. Wherever it has been 
possible to trace basaltic eruptions, they have generally been 
found to terminate in slender threads. Examples of these 
narrow openings may bo found in throe places in Germany : 
in the " Pjiasler-kaute" at Marksuhl, eight miles from Ei- 
senach ; in the blue " Kuppe" near Eschwege, on the banks 
of the Wcrra ; and in the Druidical stone on tho IloUert road 
(Siegen), where the basalt has broken through the variegated 
sandstone and graywacke slate, and has spread itself into cup- 
like fungoid enlargements, which are either grouped together 
like rows of columns, or are sometimes stratified in thin lam- 
ins. The case is otherwise with granite, syenite, quartzose 
porphyry, serpentine, and the whole scries of unstratified com- 
pact rocks, to which, from a predilection for a mythological 
nomenclature, tho term Flutonio has boon applied. Those, 
with the exception of occasional veins, were probably not 
erupted in a sti^^ of fusion, but merely in a softened condi- 
tion ; not from narrow fissures, but from long and widely^x- 
tending gorges. They have been protruded, but have not 
flowed forth, and are found, not in streams like lava, but in 
extended massos.f Some groups of dolerito and traohyto in- 

• [Lyell, Prineipies of Oeoiogv, vol. lii., p. 353 and 359.]— TV 
t Th« deteriptioii here given oi tbe reletknit if petition under which 
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dioate a certain degree of basaltic fluidity ; others, which have 
been expanded into vast craterless domes, appear to have been 
only in a softened condition at the time of their elevation 
Other trachytes, like those of the Andes, in which I have fre- 
quently perceived a striking analogy with the greenstones and 
syenitic porphyries (which are argentiferous, and without 
quartz), are deposited in the same manner as granite and 
quartzose porphyry. 

Experiments on the changes which the texture and chem- 
ical constitution of rocks experience from the action of heat, 
liave shown that volcanic masses* (diorite, augitio porphyry, 
basalt, and the lava of iEtna) yield di/Ierent products, accord- 
ing to the diflercnce of the pressure under which they have 
been fused, and the length of time occupied during their cool- 
ing ; thus, where the cooling was rapid, they form a black 
glass, having a homogeneous fracture, and where the cooling 
was slow, a stony mass of granular crystalline structure. In 
the latter case, the crystals are formed partly in cavities and 
partly inclosed in the matrix. The same materials yield the 
most dissimilar products, a fact that is of the greatest import 
ance in reference to the study of the nature of erupted rocks, and 
of the metamorphic action which they occasion. Carbonate of 
lime, when fused under great pressure, does not lose its carbonic 
acid, but becomes, when cooled, granular limestone ; when 
the crystallization has been efiected by the dry method, sac- 
charoidal marble ; while by the humid method, calcareous 
spar and aragonite are produced, the former under a lesser de- 
gree of temperature than the latt^r.t Diflerences of temper- 

cranito occurs, oxproMos tlio geliorul or leading clmmctor of tho whole 
turniatioii. But il8 oanect at Bomo places loads to tho buliof that it was 
occasionally more fluid at the poricKl of its eruption. The description 
given by Rose, iu his Reite naeh dem Ural, bd. i., s. 599, of part of the 
Narym chain, near the frontiers of the Chinese territories, as well as the 
evidence atfordcd by trachyte, as described by Dufr6noy and Elie da 
Beaumont, in their DeKtipticn Qiologique de la France, t. L, p. 70. 
Having already spoken in the text of the narrow apertures throueh 
which the basalts have sometimes been effused, I will here notice the 
large fissures, which have acted as conducting passages for melaphyres, 
which must not be confounded with basalts. See Murchison's inter- 
esting account ( The Silurian Svttem, p. 126^ of a fissure 480 feet wide, 
through which melaphyre has been ejectea, at the coal-mine at Com- 
brook. Hoar Edse. 

* Sir James Hall, in the Edin. TVane., vol. v., p. 43, and vol. vi., p 
71; Gregory Watt, in the PhiL Trans, of the Roy. 8oe. of London for 
1804, Part ii., p. 279 ; Dartigues and Fleurieu de Bellevue, in the Joui^ 
nal de Phy$i(iue, U Ix., p. 456; Bischof, Wdrmelehre, s. 313 und 443. 

t Gustav Rose, in Poggend., Annalen, bd. xlii., s 3fi4. 
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ATure likewise modify the direction in which the difierent par* 
tides arrange themselves in the act of crystallization, and also 
aflect the form of the crystal.* Even when a body is not in 
a fluid condition, the smallest particles may undergo certain 
relations in their various modes of arrangement, which are 
manifested by the diflerent action on light.t The phenome- 
na presented by devitrification, and by the formation of steel 
by cementation and casting — the transition of the fibrous into 
the granular tissue of the iron, from the action of heat.t and 
probably, also, by regular and long-continued concussions — 
likewise throw a considerable degree of light on the geological 

Srocess of metamorphism. Heat may even simultaneously in- 
uce opposite actions in crystalline bodies ; for the admirable 
experiments of Mitscherlich have established the fact) that 
calcareous spar, without altering its condition of aggregation, 
expands in the direction of one of its axes and contracts in 
the other. 

If we pass from these general considerations to individual 
examples, we find that schist is converted, by the vicinity of 
Plutonic erupted rocks, into a bluish-black, glistening roofing 
slate. Here the planes of stratification are intersect^ by an- 
other system of divisional stratification, almost at right angles 
with the former,|| and thus indicating an action subsequent to 
the alteration. The penetration of silica causes the argilla- 
ceous schist to bo traversed by quartz, transforming it, in part, 
into whetstone and silicious schist ; the latter sometimes con- 
taining carbon, and being then capable of producing galvanic 
effects on the nerves. The highest degree of silicification of 
schist is that observed in ribbon jasper, a material highly val- 
uable in the arts,ir and which is produced in the Oural Mount- 

* On the dimorphiim of mlpbiir, tee MiUcberlicb, LArbuck der 
CkemU, i 55-€3. 

t On gyiMMim m a aninxal cry«Uil, find on tho milnlinto of magnctia, 
and die ox yds of xiuc and nickol, too MiUchorlich, in Toggond., Annm' 
im, bd. xi.. s. 328. 

t Cotte, Vemeke am Crensoi ^b€r dot bmekig werdem det Stabeittni. 
£lie de Beaamont, Mim. Oiol., t. ii., p. 411. 

^ Mitacherlicb, Ueber die Amsdeknitng dtr KrftlaUmrien Kbrper dureh 
die WurmeUkre^ in I'oggeod., Amuden, bd. x., a. 151. 

I On tho doable system of divisional planes, s4M) Rlie de Deanmont, 
04otcgie de la France, p. 41 ; Credner, Oeognoeie Th^ringeme mnd dee 
Hartee, s. 40; and BAnier, Dae Rkeinieeks Uebtrgangegebirge, 1844. 
a. 5 uod 9. 

% Tho silica is not merely colored by peroxyd of iron, but is aooom- 
nanied by clar, lime, and potash. Roae, Reiee^ bd. ii., s. 187. On the 
•brmation of jasper by the action of dioritio povphyry, augite, and by 
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oins by the contact and eruption of augitic porphyry (at Orsk), 
of dioritic porphyry (at Auischkul), or of a mass of hyper* 
sthenic rock conglomerated into spherical masses (at Bogos- 
lowsk). At Monte Serrato, in the island of Elba, according 
to Frederic Hoffman, and in Tuscany, according to Alexander 
Brongniart, it is formed by contact with euphotide and ser- 
pentine. 

The contact and Plutonic action of granite have sometimes 
made argillaceous schist granular, as was observed by Gustav 
lloso and myself in the Altai Mountains (within the fortress 
of Buchtarminsk),* and have transformed it into a mass re- 
sembling granite, consisting of a mixture of feldspar and mica, 
in which larger lamina) of the latter were again imbedded.f 
Most geognosists adhere, with Leopold von Buch, to the well- 
known hypothesis " that all the gneiss in the silurian strata of 
the transition formation, between the Icy Sea and the Gulf of 
Finland, has been produced by the metamorphic action of 
grauito.l In the Alps, at St. Gothard, calcareous marl is 
likewise changed from granite into mica slate, and then trans- 
ibrmcd into gneiss/' Similar phenomena of the formation of 
gneiss and mica slate through granite present themselves in 
the oolitic group of the Tarantaise,) in which belemnites arc 

penUiene rock, see Rose, bd. ii., b. 169, 187, und 192. See, also, bd. 
1., s. 427, where there is a drawing of the porphyry spheres betweeo 
which jasper occurs, in the calcareous j^ray wacke of Bogoslowsk, being 
produced by the Plutonic influence ofthe augitic rock ; bd. ii., s. 545 ; 
and likewise Humboldt, Aaie CetUrale, t. i., p. 486. 

* Rose, Rate nach dem Ural, bd. i., s. 586-588. 

t In respect to the volcanic origin of mica, it is important to notice 
that crvstius of mica are found in the basalt of the Bohemian Mittelge- 
birge, m the lava that in 1822 was ejected from Vesuvius (Monticelli, 
Storia del Veauvio negli Anni 1821 e 1822, $ 99), and in fragments of 
argillaceous slate imbedded in scoriaceous basalt at Hohenfeis, not fiir 
from Gerolatein, in the Eifel (see Mitscherlich, in Leonhard, BaeaU' 
Odfilde, s. 244). On the formation of feldanar in arsillaceous schbt, 
through contact with porphyry, occurring oetweeu Urval and Polet 
(Forez), see Dufr6noy, m Oiol, de la Prance, t. i., p. 137. It is proba- 
blv to a similar contact that certain schists near Taimpol, in Bnttany, 
with whose appearance I was much struck, while making a geological 
pedestrian tour throui^h that interesting country with Professor Kuuth, 
owe their amygdaloid and cellular character, t. i., p. 234. 

t Leopold von Buch, in the Abhandlungen der Akad. der WumW' 
tehaft xu Berlin, aut dem Jahr 1842, s. 63, and in the Jahrbitehern fkr 
Wieeensehaftliehe KrUik Jahrg. 1840, s. 196. 

$ Rlio de Beaumont, in thu Annalea dee Seieneee Naturellee, U xv., p. 
362-<)72. " In approaching the primitive musses of Mout Rusa, and the 
muuntuius siUiatud tu tiio west uf Ooni, wo porcoivo lluit tlio socundiiry 
•trntu gnuluully lusu Uiu cliuructuin iuhuruut in thuir ino<lu uf dui»usilimi. 
Fro<iuoutly assuming u cliaractor apparuutly arising from a |)c*rfectly 
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fimnd in rocki, which have ■ome olaim to he considered m 
mica ilato, and in the sohisioee gronp in the western part of 
the island of Elba, near the promontory of Calamita, and the 
Fichtolgehirge in Bairenth, between Lomitz and Markleiten.* 
Jasper, which,t as I have already remarked, is a production 
(brmed by the volcanio action of aogitic porphyry, could only 
be obtained in small quantities by the ancients, while another 
material, Tory gonerally and efficiently used by them in the 
arts, was granular or saccharoidal marble, which is likowiso 
to be regarded solely as a sedimentary stratum altered by ter- 
restrial heat and by proximity with erupted rocks. This opin- 
ion is corroborated by the accurate observations on tlie phe- 
nomena of contact, by the remarkable experiments on fusion 

divtioot ouue. bat not losing their ttnitificmtion, thoy somewhat retem- 
bU* in their physical structure a bi-and of half-consamod wood, in which 
we can follow the traces of the ligueoos fibers beyond the spots which 
oootinaa to present the natural characters of wood." (See, also, the 
AmmaUs dea Seienem NtUureiiet, t xiv., p. 119-122, and von Dechen, 
Oe^mmis, s. 553^ Among the most striking proofs of the transforma> 
tioo of rocks by rlutonic action, we must place the belemnites in the 
schists of Nuflenen (m the Alpine valley of Eginen and in the Griea- 
glaciers), and the belemnites found by M. Charpentier in the so-called 
primitive limestone on the western descent of the Col de la Seigne, be- 
tween the Cnclove de Monjovet and the ehdUt of La Lancbette, and 
which he showed to me at Bex in the autumn of 1822 (Annalet it 
Ckmie, t zxiii.', p. 262). 

* llofTmnnn, in Pof^gnnd., Annn/en, 1m1. xti., s. 552, '*Btrata of tran 
ailiim nrgillnrtHHiii schinl in llio Kif:liloliff«l»irgn, \viii«'li nui bo tniniMl for 
a longtli of 10 miliMi, nro tmnnfunnoil into gnoisN only at Uio two ox- 
tremitiea, whero tlioy come in contact wiUi eranito. Wo can there 
fiiUow tlio mdual formation of the gnoiss. aniitlio dovolopmont of the 
mioa and of the folds|tatliio amygdaloids, m the interior of the argilla- 
eeoat aohtst, which indeed contains in itself almost all the elements of 
these sabstancea.'* 

t Anxmff the works of art which have come down to us from the an 
cientOreeEs and Romans, we obsenre that none of any size— as columns 



or large vases — are formed from jasper ; and oven at tlie nrosent day. 
Ibis iolMitaiico, in largo niafwos, is only obtained from tlio Uml Mountains. 
The material worked as jaspor from the lUiubarb Mouiitnin (Uavoniaga 
Sopka), in Altai, is a beautiful ribboned poirihyry. Tho word j^uptr 
h danved from the Semitic languages ; and from the confused descrifv 
tiooa of Theophrastos (/>• Lapidibns, 23 and 27) and Pliny (zxxvii., 8 
•ad 9), who rank jasper among the " opaque gems," the name appears 
to have been given to fragments of jaMpackatf and to a substance which 
the ancients termed jagponyXt which we now know as opml-jatftr* 
Plin^ oonsidera a piece of jasper eleven inches in length so rare as to 
leq iui e hi^ mentioning that ne had actually seen such a specimen t 
** Magnitudinem janpidis undecim unciarum vidimus, formatamque inde 
eflbpem Neronis thoracatam." Acconling to Theophrastus, the stone 
which he calls emerald, and from which large obeUsks were cut, must 
have been an impedact jasper. 
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made by Sir James Hall more than half a century ago, and 
by the attentive study of granitic veins, which has contributed 
so largely to the establishment of modern geognosy. Some- 
times the erupted rock has not transformed the compact into 
granular limestone to any great depth from the point of con- 
tact.. ThuSi for instance, we meet with a slight transforma- 
tion — a penumbra — as at Belfast, in Ireland, where tlie ba* 
Baltic veins traverse the chalk, and, as in the compact cal- 
careous beds, which have been partially inflected by the con- 
tact of syenitic granite, at the Bridge of Boscampo and the 
Cascade of Conzocoli, in the Tyrol (rendered celebrated by 
the mention mado of it by Count Mazari Peucati).* Another 
mode of transformation occurs where all the strata of the com- 
pact limestone have been changed into granular limestone by 
the action of granite, and syenitic or dioritio porphyry.t 

I would, here wish to make special mention of Parian and 
Carrara marbles, which have acquired such celebrity from the 
noble works of art into which they have been converted, and 
which have too long been considered in our geognostic collec- 
tions as the main types of primitive limestone. Tiie action 
of granite has been manifested sometimes by immediate con- 
tact, as in the Pyrenees,! and sometimes, as in the main land 
of Greece, and in the insular groups in the JEge&n Sea, through 
the intermediate layers of gneiss or mica slater. Both cases 
presuppose a simultaneous but heterogeneous process of trans 

* Humboldt, Leltre a M. Broehant de ViUier$t in the AnnaUt de 
Ckimie et de Physique, t. xxiii., p. 2G1 ; Loop, von Duch, Oeog. Brief e 
uber dat aUdliche Tyrol, 8. 101, 105, und 373. 

t Oq the transformation of compact into granular limestone by the 
action of granite, in the Pyrenees at the MontagntB de Rancie, see 
Dufr^noy, in t)ie Mimoiree O6ologiquet, t. ii., p. 440 ; and on similai 
changes in the Montagnee de l*OitanM, see Blie do Beaumont, in the 
M4m, Oiolog,, t. ii., p. 379-415; on a similar eflbct produced by the 
uctiou of diorilic and pyroxeuic porphyry (the ophite described by Elie 
de Beaumont, in the Oiologie de la France, t. i., p. 72), between Tolosa 
and St. Sebastiuu, see Dnfr6uoy, in the Mitn. Oiolog., t. ii., p. 130 ; and 
by syenite in the Isle of Skye, where the fossils in the altered limestone 
may still be distinguished, see Von Dechen, in his Oiognotie, p. 573. 
In the transformation of chalk by contact with basalt, the trausj[>oaitiou 
of the most minute particles in the processes of crystallization and 
granulation is the more remarkable, because the excaflent microscopic 
mvostigations of Ehrenberg have shown that the particles of chalk pre- 
viously existed in the form of closed rings. See roggend., Annaleti der 
Phyeik, btl. xxxix., s. 105; and on the rings of aragouite deposited 
from solution, see Guitav Roso in vol. xlii., p. 354, of the same journal. 

X Beds of granular limestone in tlio granite at Port d'Oo un<l in the 
Mont do Lubourd. Soo Ohurpunticr, Corutitution Oiologique de» Pyr4» 
niet, p. 144, 146. 



ROCK0. 263 

fbnnation. In Attica, in the island of Eubflsa, and in the 
Peloponnesus, it has hecn rcmarkod, "that the limestone, 
when sapeqxMed on mica slate, is hoautiful and crystalline in 
proportion to the purity of the latter substance and to the 
smallness of its argillaceous contents ; and, as is well known, 
this rock, together with beds of gneiss, appears at many points^ 
at a considerable depth below the surface, in the islands of 
Paros and Antiparos."* We may here infer the existence of 
an imperfectly metamorphosed flotz formation, if faith can be 
yielded to the testimony of Origen, according to whom, the 
ancient Eleatic, Xenophanes of Colophont (who supposed the 
whole carth*s crust to have been onco covered by the sea), de- 
clared that marine fossils had been found in the quarries of 
Syracuse, and the impression of a fish (a sardine) in the deepest 
rooks of Paros. The Carrara or Luna marblo quarries, which 
constituted the principal source from which statuary marble 
was derived even prior to the time of Augustus, and whiph 
will probably continue to do so until the quarries of Paros 
shall be reopened, are beds of calcareous sandstone — macigno 
— altered by Plutonic action, and occurring in the insulated 
mountain of Apuana, between gneiss-like mica and talcose 
schist.l Whether at some points granular limestone may 
not have been formed in the interior of the earth, and been 
raised by gneiss and syenite to the surface, where it forms 
vein-like fissures,) is a question on which I can not hazard 
an opinion, owing to my own want of personal knowledge of 
the subject. 

* Leop. Ton Bnch, Deter. de» Canmriet, p. 394 ; Fiedler, Reitt iureh 
das K^ifreiek OrieeKenUmdt th. ii., s., 181, 190, and 516. 

t I have preriooily alluded to the remarkable paMage in Origen't 
PkUc»opkumena,c^^. 14 {Opert^ ed. Delanie, t. i., p. 893). From the 
whole context, it MemB very improbable that Xenophanei meant an 
impreaaion of a Uuirel (rimov dufwf) iottoad of an imprewion of a Bah 
frvirov of iHtc). Dolarne is wrong^ iu blaming the correotkin of Jacob 
Gronoviiia in changing tlio lanrol mto a mnlol. Tho potrifnotinn of a 
fiali is alto much mt>re pntliablo tlian the naUiral picture of Silonua, 
which, according to Tliny (lib. xxxvi., 5V Uie ooarry-men are stated to 
have met with in Parian marble from Mount Marpe«oa. Serpku ad 
VWg., jEn., ▼!., 471. 

t On tlie geognottic relations of Carrara ( Tk« Cily ofiks Moon, Strnbo, 
lib. ▼., p. 222). soe Savi, Otteroaxioni tui ierreni amtieki Toeeani^ il 
the Nnowo Oiomate de' Leiteraii di Pisa, and Hofi'mann, in Karsteu*! 
Areki9 fkr Mineralogie, bd. ti., s. 258-263, as well ss in his Osogn 
Reiss durch Itaiien, s. 244-26.5. 

^ According to tlio asmimiition of an eicollent and vnry expcrioncoc 
observer, Karl von LeonharJ. 8ee his Jakrbuekfkr Mintralogis, 1834 
a. 329, and Bern hard Cotu, Oosgnosis, s. 310. 
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According to the admirable observatons of Leopold Ton 
Buch, the masses oi* dolomite fomid in Southern Tyrol, and on 
the Italian side of the Alps, present the most remarkable in- 
stance of metamorphism produced by massive eruptive rocks 
on compact calcareous beds. This formation of the limestone 
seems to have proceeded from the fissures which traverse it in 
all directions. The cavities are every where covered with 
rhomboidal crystals of magnesiau bitter spar, and the whole 
formation, without any trace of stratification, or of the fossil 
remains which it onco contained, consists onlv of a granular 
ttggrugatioii of crystals of dolomite. Talc lammu lie soattorod 
hero and there in the newly-formed rock, traversed by masses 
of serpentine. In tlie valley of the Fassa, dolomite rises per- 
pendicularly in smooth walls of dazzling whiteness to a height 
of many thousand feet. It forms sharply-pointed conical 
mountains, clustered together in large numbers, but yet not in 
contact with each other. The contour of their forms recalls to 
mind the beautiful landscape with which the rich imagination 
of Lconardi da Vinci has embellished the back-ground of the 
portrait of Mona Lisa. 

The geognostic phenomena which we are now describing, 
and which excite the imagination as well as the powers of the 
intellect, are the result of the action of augitic porphyry man- 
ifested in its elevating, destroying, and transforming force.* 
The process by which limestone is converted into dolomite is 
not regarded by the illustrious investigator who first drew at- 
tention to the phenomenon as the consequence of the talc being 
derived from the black porphyry, but rather as a transforma- 
tion simultaneous with the appearance of this erupted stone 
through wide fissures filled with vapors. It remains for future 
inquirers to determine how transformation can have been eflect- 
ed without contact with the endogenous stone, where strata 
of dolomite are found to bo interspersed in limestone. Where, 
in this case, are wo to seek the concealed channels by which 
the Plutonic action is conveyed ? Even here it may not, how- 
ever, be necessary, in conformity with the old Roman adage, 
to believe " that much that is alike in nature may have been 
formed in wholly diflcrent ways." When we find, over widely 
extended parts of the earth, that two phenomena are always 
associated together, as, for instance, the occurrence of mela^ 

* Leop. von Bucb, Oeogno^itehe Brief e an Alex, von Humboldt, 1824, 
s. 86 and 83 ; alao iu the Annalen de Ckemie, t xxiii., p. 276, and in the 
AbKandl. der Berliner Akad. auB der Jah^en 1822 und 1823, •. 83-136 { 
Von Dechen, Qeognode, s. 574-576 
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phyre and the transformation of compact lirjestone into a cry»> 
talline mass diliering in its chemical character, we are, to a 
certain degree, justified in believing, where the second phe- 
nomenon is manifested unattended by the appearance of the 
first, that this apparent contradiction is owing to the absence, 
in certain cases, of some of the conditions attendant upon the 
exciting causes. Who would call in question the Tolcanic na- 
ture and igneous fluidity of basalt merely because there are 
some rare instances in which basaltic yems, traversing bedi 
of coal or strata of sandstone and chalk, have not materially 
deprived the coal of its carbon, nor broken and slacked the 
sandstone, nor converted the chalk into granular marble t 
Wherever we have obtained even a faint light to guide us in 
the obscure domain of mineral ibrmation, we ought not un- 
gratefully to disregard it, because there mav bo much that is 
still unexplained in the history of the relations of the transi- 
tions, or in the isolated interposition of beds of unaltered strata. 

Afier having spoken of the alteration of compact carbonate 
of lime into granular limestone and dolomite, it still remains 
for us to mention a third mode of transformation of the same 
mineral, which is ascribed to the emission, in the ancient pe- 
riods of the world, of the vapors of sulphuric acid. This trans- 
formation of limestone into gypsum is analogous to the pene- 
tration of rock salt and sulphur, the latter being deposited 
from sulphureted aqueous vapor. In the lof\y Cordilleras of 
Quindiu, far from all volcanoes, I have observed deposits of 
sulphur in fissures in gneiss, while in Sicily (at Cattolica, near 
Girgenti), sulphur, gypsum, and rock salt belong to the roott 
recent secondary strata, the chalk formations.^ I have alio 
seen, on the edge of the crater of Vesuvius, fissures filled with 
rock salt, which occurred in such considerable masses as ooca^ 
sioually to lead to its being disposed of by contraband trade. 
On both declivities of tho Pyroiioos, the connection of dioni) 
and pyroxene, and dolomite, gypsum, and rock salt, can not bo 
questioned ;t and hero, as in the other phenomena which wo 
have been considering, every thing bears evidence of the ao- 
tion of subterranean forces on the sedimentary strata of tho 
ancient sea. 

There is much difficulty in explaining the origin of the beds 
of pure quartz, which occur in such large quantities in South 
America, and impart so peculiar a character to tho chain of 

* Hoffmiin, 0»rn. Reiu^ edited bj Von Decbeo. a. 113-119, and 
MO-386; Poggend., Amnaltn der Pkymk, bd. xxvi., s. 41. 
T Dofr^noyVio the Mimtirm a40Ufipm, t U., p. 145 and 179. 
Vol. I.—M 
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the Andes.* In descending toward the South Sea, fiom Cax- 
amarca toward Guangamarca, I have observed vast masses 
of quartz, from 7000 to 8000 feet in height, superposed some- 
times on porphyry devoid of quartz, and sometimes on diorite. 
Can these beds have been transformed from sandstone, as 
Ehe de Beaumont conjectures in the case of the quartz strata 
on the Col de la Poissonnidre, east of Briau^n ?t In the 
Brazils, in the diamond district of Minas Geraes and St. Paul, 
which has recently been so accurately investigated by Clausen, 
Plutonic action has developed in dioritic veins sometimes ordi- 
narv mica, and sometimes specular iron in quartzoso itaeol- 
umite. The diamonds of Grammagoa are imbedded in strata 
of solid silica, and are occasionally enveloped in laminsB of 
mica, hke the garnets found in mica slate. The diamonds 
that occur furthest to the north, as those discovered in 1829 
at 68^ lat., on the European slope of the Uralian Mountains, 
bear a geognostio relation to the black carboniferous dolomite 
of AdoOFskoil and to augitio porphyry, although more accu- 
rate obsorvatious are required in order fully to elucidate this 
subject. 

Among the most remarkable phenomena of contact, we 
must, finally, enumerate the formation of garnets in argilla- 
ceous schist in contact with basalt and dolerite (as in Northum- 
berland and the island of Anglesea), and the occurrence of a 
vast number of beautiful and most various crystals, as garnets, 
vesuvian, augite, and ceylanite, on the surfaces of contact be- 
tween the erupted and sedimentary rock, as, for instance, on 
the junction of the syenite of Monzon with dolomite and com- 
pact limestone, t In the island of Elba, masses of serpentine, 
which perhaps nowhere more clearly indicate the character of 
erupted rooks, haya occasioned the sublimation of iron glance 
and red oxyd of iron in fissures of calcareous sandstone.il We 
■till daily find the same iron glance formed by sublimation 
from the vapors and the walls of the fissures of open veins on 
the margin of the crater, and in the fresh lava currents of the 
volcanoes of Stromboli, Vesuvius, and ^tna.lT The veins that 

* Humboldt, E$tai Qeogn. sur It Oi$ement de$ Roches, p. 93 ; Am 
Cenirale, t. iii., p. 532. ^ 

t Elie de Beaumont, in the AmuUet de$ Sdencet NaiurtUei, i, xv., p 
362 ; Murchison, Silurian SyUem, p. 286. 

X Rom, ReUe naek dem UnU, bd. i, •. 364 und 367. 

$ Leop. von Buch, Bri^e, s. 109-129. See, also, Elie de Beaumunt 
On the Coniael of OraniU wUh the Beds of the Jura^ in the Mim. Oiol, 
L ii.,P. 408. I HofiVnan, Reise, ■. 30 uod 37. 

% On the chemical proceM in the formation of specular iron, lee Gay 
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ftre thus formed beneath oar eyes b^ volcanic forces, where 
the contiguous rock has ah^ady attained a certain degree of 
solidification, show us how, in a similar manner, mineral and 
metallic veins may have been every where formed in the more 
ancient periods of the world, where the solid but thinner crust 
of our planet, shaken by earthquakes, and rent and fissured 
by the change of volume to which it was subjected in cooling, 
mav have presented many communications with the interior, 
and many passages for the escape of vapors impregnated with 
earthy and metallic substances. The arrangement of the par- 
ticles in layers parallel with the margins of the veins, the regu- 
lar recurrence of analogous layers on the opposite sides of tho 
veins (on their diflereut walls), and, finally, the elongated cel- 
lular cavities in the middle, frequently aflbrd direct evidence 
of the Plutonic process of sublimation in metalliferous veins. 
As the traversing rocks must be of more recent origin than 
the traversed, we learn from the relations of stratification ex- 
isting between the porphyry and the argentiferous ores in the 
Saxon mines (the richest and most important in Germany), 
that these formations are at any rate more recent than the 
vegetable remains found in carboniferous strata and in the red 
sandstone.* 

All the facts connected with our geological hypotheses on 
the formation of the earth's crust and the motainorphism of 
rocks have been unexpectedly elucidated by the ingenious 
idea which led to a comparison of the slags or scorin of our 
smelting furnaces with natural minerals, and to tho attempt 
of reproducing the latter from their elements. t In all these 
operations, the same afRnities manifest themselves which de- 
termine chemical combinations both in our laboratories and 
in the interior of the earth. The most considerable part of 

LiiMnr, in tlw AnmaUa JU Ckimw, t xxii., p. 415, And Mitaclierlioh, in 
rnggoinl.. Annnltn, ImI. xv., t. C30. Moreovor, cryatnli of nlivino hare 
boeii rurnicti (prulmbly by tubliinalion^ in (bo cnvilion of tlio obtidi«ii 
of Oerro del Jocal, wbicn I brought from Mexico (OqiiUit Roee, in 
Poj^j^eiid., Annalen, bd. x., i. 323). Hence olivine ocean in betalf, 
Uva. obcidian, artificial ncoriie, in meteoric itonet, in the tTenite of ElA 
dale, and (an hjaluaiderite) in the wacke of tbe Kaineratnhl. 

* Conttantin ron Beast, Ueber dU PorpkyrgtbiUU^ 1835, t. 89-96; 
alao hia Beiemektunr der IVemet^ickem OmgtUarie, 1840. t. 6 ; and 0. 
Ton WiMenbach, AbbUdmngen merkwUrdiftr OangverhditmitBe, 1836, fig. 
13. The nbbon-like ttractare of the veini it, however, no more to be 
regarded of general occurrence than tbe periodic order of tbe difTereo* 
memltert of these mastet. 

t MiUchedich, Ue6er die k^mtluke DarttMmng der MUurmliem, ifl 
the AUkmtdl. der AluMmU der Wiee, mm Berlin, 1832-3, t. 25-41 
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the «imple minerals which characterize the more generally 
diffused Plutonic and erupted rocks, as well as those on M'hich 
they have exercised a mctumorphic action, have been produced 
in a crystalline state, and with perfect identity, in artificial 
mineral products. We must, however, distinguish here be- 
tween the scoria) accidentally formed, and those which have 
been designedly produced by chemists. To the former belong 
feldspar, mica, augite, olivine, hornblende, crystallized oxyd 
of iron, magnetic iron in octahedral crystals, and metallic 
titanium ;* to tlio latter, garnets, idocraso, rubies (equal in 
hardness to those found in the East), olivine, and augite.t 
These minerals constitute the main constituents of granite, 
gneiss, and mica schist, of basalt, dolerite, and many porphy- 
ries. The artificial production of feldspar and mica is of most 
especial geognostic importance with reference to the theory of 
the formation of gneiss by the metamorphic agency of argilla- 
ceous schist, which contains all the constituents of granite, 

* In flcoriio, cryitnli of feldspar have beoii diicovered by Heine in 
the rofiiao of u funiuco fur copitor fuHinc, ncnr Siingurlmiison, nud ana- 
lyzed by Kun»tua (Poj'goad., Annalent bd. xxxiii., 8. 337); cryntulii of 
augite in scoriie. at Sable (Mititcherlicb, in the Abhaudl.der Akad. zu 
Berltn, 1822-23, 8. 40); of olivine by Seif&tr6m (Leouliard, Bagalt-Oe' 
bUde, bd. ii., 8. 495); of mica in old scorius of ScbIo88 Garpeuberg 
(Mit8cberlicli, in Leouhard, op. cit., 8. 506) ; of magnetic iron in tbe 
8coriie of Chutillon 8ur Seine (Leonbard, 8. 441); anaof micaceoua iron 
lu jKitter's clay (Mit8cberlicb, in Looubaul, op. cit., 8. 234). 

fSce Ebebnei's papors in Ann. de Chimie et de Phyti</ue, 1847 ; alao 
Revort on the CryttallvM Slags, by Jobn Poicy, M.D., t^.R.S., and 
William Ilallowa Miller. M.A., 1847. Dr. Percy, in a communicAtion 
with wbicb he boa kindly favored me, aaya that the minerula wbicb ho 
haa foand artificially produced and proved by analyaia are Humltoldtil- 
ite, geblenite, olivine, and magnetic o&yd of iron, in o6tabetlml crya- 
tttla. He auggeata that tbe circumstance of tlie production of geblenite 
at a bigb temperature in an iron furnace may possibly be mocle avaiU 
able by geologidta in explaining tbe formation of tbe rocka in wbicb the 
natural mineral occurs, as in basaatbal in tbe Tyrol.] — Tr. 

t Of minerals purposely produced, we may mention idocraae and 
garnet (Mitacherlicb, in Foggend.. Annalen der Physik, bd. xxxii., a. 
340); ruby (Guudin, in the Complet Rendnt de CAeadimit de Seienet, 
t. iv.,*Part i., p. 999): olivine and augite (Mitscberlichand Bertbier, in 
the AnnaUs de Chirkie et de Ph^ti^ue, t. xxiv., p. 37G). Notwithstand- 
ing the greatest possible similanty in cryHtolline form, and perfect iden- 
tity in chemical composition, existing, according to (Sustav Rose, be* 
tween augite and hornblende, hornblende has never been found accom- 
panying augite in acorioi, nbr have chemiats ever succeeded in artificial- 
ly producing either hornblende or feldspar (Mitacherlicb in Po^gend., 
Annalen, bd. xxxiii., a. 340, and Rose, ReUe uaeh dem Ural, bd. ii., a 
358 und 363). See, alao, Deudaut, in tbe Afem, de PAead. deeSeiencee, 
t. viii., p. 221, and Becqnerel'a ingenioua expcrimouta in bis TraU* *l% 
( EUetric'ti, i. i., p. 334 ; t. iii., p. 218; and t. v., p. 148 and 185 
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potanfi not excepted.* It would not kd very surprising, tharo* 
fore, as. is woll observed by the distinguished gcognosist, Von 
Dechcn, if wo wcro to moot with a fragment of gneiss formed 
on the walls of a smelting furnace whioh was biuJt of argilla- 
ceous slate and graywacke. 

Afler having taken this general view of the three classes 
of erupted, sedimentary, and metaroorphic rocks of the earth's 
crust, it still remains for us to consider the fourth class, com- 
prising conglomerates, or rocks of detritus. The very term 
recalls the destructiou which the earth's crust has suffered, 
and likewise, perha}M- remmd* \\f of the p^^ocess of cementation, 
which has connected together, by means of oxyd of iron, or of 
some argillaceous and calcareous substances, the sometimes 
rounded and sometimes angular portions of fragments. Con- 
glomerates and rocks of detritus, when considered in the widest 
scnso of the term, manifest characters of a double origin. The 
substances which enter into their mechanical composition have 
not been alone accumulated by the action of the waves of the 
sea or currents of fresh water, for there are some of these rooks 
the formation of which can not be attributed to the action of 
water. " When basaltic islands and trachytic rocks rise on 
fissures, friction of the elevated rock against the walls of the 
fissures causes the elevated rock to bo inclosed by conglom- 
erates composed of its own matter. The granules composing 
the sandstones of many fonnations havo been separated rather 
by friction against tlio erupted volcanic or IMntonio rock than 
destroyed by tho erosive force of a ncigliboring sea. The ex- 
istence of these friction cofiglomerateSt which are met with in 
enormous masses in both hemispheres, testifies the intensity 
of the force with which the erupted rocks have been propelled 
from the interior through the earth's crust. This detritus 
has subsequently been taken up by the waters, which have 
then deposited it in the strata whioh it still covers."t Sand- 
stone formations are found imbedded in all strata, from the 
lower Silurian transition stone to the beds of the tertiary form- 
ations, superposed on the chalk. They are found on the 
margin of the boundless plains of the New Continent, both 
within and without the tropics, extending like breast-works 
along the ancient shore, against which the sea once broke in 
foaming waves. 

* r>'Aiibnii«nn, in tlm Jmtmnl de Pkytitfur, i. Iiviii., p. 128. 

f Lnop. Ton lliirli, Oet'gmotl. Brirfe^ w. 7.'»-8'i, wlioro it \% nlmiboWB 
why llio now rcil nniUtono (the T»dUi^tndt tif tho Thunnfftan flOti 
fonnittimi) nnil tlio conl uicwurei muAt l>c n^ganlod m prouarwl b;! 
«iu|iti-.| porphyry. 
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If wo cast a glanco on the geographical diBtrihiition of 
rooks, and their relations in space, in that portion of the earth's 
crust which is accesbihle to us, we shall find that the most 
universally distributed chemical substance is silicic acid, gen- 
erally in a variously-colored and opaque form. Next to solid 
silicic acid we must reckon carbonate of lime, and then the 
combinations of silicic acid with alumina, potash, and soda, 
with lime, magnesia, and oxyd of iron. 

The substances which we designate as rocks arc determin- 
ate associations of a small immbor of minerals, in which some 
combine parasitical ly, as it were, with others, but only under 
deiiuite relations ; thus, for instance, although quartz (silica), 
feldspar, and mica are the principal constituents of granite, 
these minerals also occur, either individually or collectively, 
in many other formations. By way of illustrating how the 
quantitative relations of one feldspathic vock difier from anoth- 
er, richer in mica than the former, I would mention that, ac- 
cording to Mitscherlich, threo times more alumina and one 
third more silica than that possessed by feldspar, give the con- 
stituents that enter into the composition of mica. Potash is 
contained in both — a substance whose existence in many kinds 
of rocks is probably antecedent to the dawn of vegetation on 
the earth's surface. 

The order of snccession, and the relative ago of the different 
formations, may bo recognized by the superposition of the sed- 
imentary, metamorphic, and conglomerate strata ; by the na- 
ture of the formations traversed by the erupted masses, and 
— ^with the greatest certainty — ^by the presence of organic re- 
mains and the difTcrencos of their structure. The application 
of botanical and zoological evidence to detormino the relative 
age of rocks — this chronometry of the earth's surface, which 
was already present to the lofty mind of Uooke — indicates ono 
of the most glorious e|)ochs of modern geognosy, which has 
finally, on the Continent at least, been emancipated from the 
sway of Semitic doctrines. Palfeontological investigations 
have imparted a vivifying breath of grace and diversity to the 
science of the solid structure of the earth. 

The fossiliferous strata contain, entombed within them, the 
floras and faunas of bygone ages. We ascend the stream of 
time, as in our study of the relations of superposition we de- 
scend deeper and deeper through the different strata, in which 
lies revealed before us a past world of animal and vegetable 
life. Far-extending disturbances, the elevation of great mount- 
ain chains, whoso relative ages wo are able to defmo, attest the 
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dettruotion of anoiont and tho manifestation of recent organs 
isms. A few of these older structures have remained in the 
midst of more recent species. Owing to tho limited nature of 
our knowledge of existence, and from the figuratiye terms hy 
which we seek to hide our ignorance, we apply the appellation 
recent structure to the historical phenomena of transition man- 
ifested in tho organisms as well as in the forms of primitive 
seas and of elevated lands. In some cases these organized 
structures have been preserved perfect in the minutest details 
of tissues, integument, and articulated parts, while in others, 
tho animal, passing over soft argillaceous mud, has left noth- 
ing but the traces of its course,* or the remains of its undi- 
gested food, as in the coprolites.f In the lower Jura forma- 
tions (the lias of Lyme Regis), the ink bag of the sepia has 
been so wonderfully preserved, that the material, which myr- 

* [lu cortoin localitaoa of the new rod Mndttone, in tho Valloy of the 
Ooiuiocticttt, nainorooi tridtotyl nmrklngt have boon oocatwmilly ob« 
•erved oo tho lorfaco of tho ilabc of itone when tpHt atnndor, hi like 
mtnnor m tho ripplo-marks appear on tlie •ncceamo larori of aanditono 
hi Tilgato Forest. Some remarkably diitinot impressiont of this kind, 
at Tarner*! Falls (MaMachuaetuV happening to attract the attention of 
Dr. James Deane, of Oreenfielcl, that sancions obsenrer was stmck 
with their resemblance to the foot-marks left on the mud-banks of tho 
aiyacent river bj the aquatic birds which had recently frequented tho 
spot. The specimens collected were submitted to Professor G. Hitch- 
cock, who followed up the inquiry with a zeal and success that hare 
led to the most interesting results. No reasonable doubt now exista 
thnt the imprints in question have been produced by the tracks of bi> 
peds impressed on tho stone when in a aod state. The announcement 
of tlib extraordinary phonomeooo was first mado by Professor Hitch- 
cock, in the Amerienm Journal of Beienet (January, 1836), and that 
eminent geologist has since published full descriptions of the different 
species o? imprints which he has detected, in his splendid work on tho 
aeology of Massachusetts. — Mantell's MtdaU of CntUion, toL ii., p. 810. 
In the work of Dr. Msntell above referred to, there is, in vol. ii., p. 815, 
an admirable diagram of a slab from Turner's Falls, covered with na« 
meroos foot-marlu of birds, indicating the track of ton or twelve indi- 
riduals of different sizes.]— * TV. 

t [From the ezainination of tho fossib spoken of by geologists under 
tfie name of CoproUtmt it is easy to determine the nature of the food of 
tho animals, and some other points; and when, as happened occasioii- 
ally, the animal was killed while the process of digestioo was goinc on« 
the stomacli and intestines being pailly filled wmi half'dicestod food, 
and ezhibiting the coprolites actually in st'lii, we can maxe out with 
certainty not only the true nature of the Ibod, but the pmportiooate tiz* 
of the stomach, and the length and nature of the intestinal canal. With- 
in tlie cavity of the nb of sn extinct animal, the nal»ontologist thus 
finds rocdnltxl, in iii<lolil>1c cliaractcrs, soineoftlioso liieroglyphics upon 
which lie fonmU hit hist«»ry. — Th4 AnrUnt World, by U. T. Ansted, 
1817. p. 173.)— Tr. 
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iads of yoara ago might have eervod the animal to conceal i^ 
self from its enemies, still yields the color with which its image 
may he drawn.* In other strata, again, nothing remains but 
the faint impression of a muscle shell ; but even this, if it be- 
long to a main division of moUusca,! may serve to show tha 
traveler, in some distant land, the nature of the rock in which 
it is found, and the organic remains with which it is associa* 
ted. Its discovery gives the history of the country in which ii 
occurs. 

The analytic study of primitive animal and vegetable lif€ 
has taken a double direction : the one is purely morpholog- 
ical, and embraces, especially, the natural history ana phys- 
iology of organisms, filling up the chasms in the series of stilJ 
living species by the fossil structures of the primitive world. 
The second is more specially geognostic, considering fossil re- 
mains in their relations to the superposition and relative age 
of the sedimentary formations. The former has long predom- 
inated over the latter, and an imperfect and superficial com- 
parison of fossil remains with existing species has led to errors, 
which may still bo traced in the oxtruordiiiarv names applied 
to certain natural bodies. It was sought to identify all fossil 
species with those still extant in the same manner as, in the 
sixteenth century, men were led by false analogies to com- 
pare the animab of the New Continent with those of the Old. 
l^eter Camper, Sommering, and Blumenbach had the merit 
of being the first, by the scientific application of a more ac- 

* A discovery made by Miis Mary Anniag, who was likewise the 
discoverer of the coprolites of fish. These coprolites, and the excre- 
ments of the Ichthyosaari, have been foand in such abandauce in En- 
gland (as, for instance, near Lyme Regis), that, according to Backland's 
expression, they lie like potatoes scattered in the ground. See Duck- 
land, Oeology eoiuidered with refirenee to Natural Theology , vol. i., p. 
188-202 and 305. With respect to the hope expressed by Hooke *' to 
raise a chronology'* from the mere study of broken and fossilized shells 
" and to state the interval of time wherein such or such catastrophes 
and mutations have happened," see his Po$thumout Works, Lecture, 
Feb. 29, 1688. 

[Still moro wonderful is the preservation of the substance of the an- 
imal of certain Cophalopodes in the Oxford clay. In some specimens 
recently obtained* and described by Professor Owen, not only the ink 
bag, but the muscular mantle, the head, and its crown of arms, are all 
preserved in connection with the belemnite shell, while one specimon 
exhibits the large eyes and the funnel of the animal, and the remains of 
two fins, in addition to the rhell and the ink bag. See Ansted's Ancient 
World, p. 147.]— Tr. 

\ Loop, von Buch, in the Abhandlungen der Akad, der Wit$, xu Brn^ 
tin in dem Jahr 1837, s. 64. 
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onrato comparatiye anatomy, to throw light on the otteolog- 
ioal branch ofpaloxintology — tho arohosology of organic Hfo ; 
but the actual geognoBtio views of tho doctrico of fowil re- 
raaina, the felicitous combination of the zoological character 
with the order of succession, and the relative ages of strata, are 
due to tho labors of George Cuvier and Alexander Brongniart. 

Tho ancient sedimentary formations and those of transi- 
tion rocks exhibit, iu the organic remains contained within 
themj a mixture of structures very variously situated on tho 
9cale of progressively-developed organisms. These strata con« 
tain but few plants, as, for instance, some species of Fuci, 
Lycopodiacea) which were probably arborescent, Equisetace®, 
and tropical ferns ; they present, however, a singular associa- 
tion of animal forms, consisting of Ctustacea (trilobites with 
reticulated eyes, and Calymene), Brachiopoda (Spirifer, Or- 
this), elegant Sphasronites, nearly allied to the Crinoidea,* Or- 
thoceratites. of the family of the Cephalopoda, corals, and, 
blended with these low organisms, fishes of the most singular 
forms, imbedded in the upper silurian formations. The fam- 
ily of the Caphalaspides, whose fragments of the species 
Pteriditys were long held to be trilobites, belongs exclusively 
to the devonian period (the old red), manifesting, according 
to Agassiz, as peculiar a type among fishes as do the Ichthy- 
osauri and Plesiosauri among reptiles.t The Goniatites, of 
the tribe of Animonites,| are manifested in the transition 
chalk, in tho graywacko of tho dovonian periods, and oven in 
the latest silurian formations. 

Tho dopoudcnco of physiological gradation upon tho ago of 
tho formations, which has not hitherto been shown with per- 
fect certainty in the case of in vertebra ta.t is most regularly 
manifested in vertebrated animals. The most ancient of 
these, as we have already seen, are fishes ; next in the order 
of succession of formation, passing from the lower to the up- 
per, come reptiles and mammalia. Tho first reptile (a Sau- 
rian, the Monitor of Cuvier), which excited the attention of 
Leibnitz, n is found in cuperiferous schist of the Zechstein of 

* Loop. Ton Buch, QtJkirgtformatiomnwtm Rtutlmmd, 1840. i. 24-40. 

t Agawiz, Monograpki9 otM Poistons Fotgilm dm vitux Oris Romgt, 
p. tK and 4. 

t Lctop. von Boch. in the Abkandl. der Bert. Akad., 1838, a. 149-1681 
Berrich, BtUr. sur KemUnia da Rkeinisektm UeberfangMgebirgeB, 1937, 
t. 45. 

^ Kgnmiir, Rerkrrchea mhv let Poi»»on» FoasileSt t. i., Jntrcd., p. Zfiil. | 
Davy, Conwlation t« Travel, dial. iii. 

\ A Prototaanit, aooording to Ilemiann ron Mctyer. The rib of a 

M2 



274 COSMOS. 

Thuringia ; the PalsDosaurus aiid Thecodontosaurus of Bris* 
tol are, according to Murchison, of the same age. The Sau- 
rians are found in largo numbers in the muschelkalk,* in the 
keuper, and in the oolitic formations, where they are the most 
numerous. At the period of these formations there existed 
Plesiosauri, having long, swan-like necks consisting of thirty 
Yortcbno; Megalosauri, monsters resembling the crocodile, 
forty-five feet in length, and having feet whose bones were 
like tliose of terrestrial mammalia, eight species of large-eyed 
Ichthyosauri, the Gcosaurus or Lacerta gigantea of Som- 
rnering, and, finally, seven remarkable species of Pterodac- 
tyles,t or Saurians furnished with membranous wings. In 
the chalk the number of the crocodilial Saurians diminishes, 
although this epoch is characterized by the so-called crocodile 
of Maestricht (the Mososaurus of Couybeare), and the colos- 
sal, probably graminivorous Iguanodon. Cuvier has found 
animals belonging to the existing families of the crocodile in 
the tertiary formation, and Scheuchzer's antediluvian man 
{funno diluvii testis), a large salamander allied to the Ax- 
olotl, wliicli I brought with mo from the largo Mexican lakes, 
belongs to the most recent fresh- water formations of GDnin- 

The determination of the relative ages of organisms by the 
superposition of the strata has led to important results regard- 
ing the relations which have been discovered between extinct 
families and species (the latter being but few in number) and 
those which still exist. Ancient and modern observations 
concur in showing that the fossil floras and faunas differ more 
from the present vegetable and animal forms in proportion as 
they belong to lower, that is, more ancient sedimentary for- 
mations. The ntmierical relations first deduced by Cuvier 

Saurian aiaorted to have been found in the mountain limestone (car- 
bonate of lime) of Northumberland (Herm. von Meyer, Palaologica, a. 
299), is regarded by LyoM {Oeology, 1832, vol. i., p. 148^ as very doubt- 
ful. The discoverer himself referred it to the alluvial strata which 
cover the mountain limestone. 

* F. von Alberti, Monographie tU$ BunUn SandUems, Mu»ckelkalk» 
und Keupers, 1834, s. 119 und 314. 

t See Hermann von Meyer's ingepioos considerations regarding the 
organization of the flying Saurians, in his Palaologica, s. 228-252. In 
the fossil specimen of the I'terodactylus crassirostris, which, as well as 
the longer Ruowu P. longirostris (Ornithocephalus of SOmmering^, was 
found at Solcnhofen, ir the lithographic slate of the upper Jura torma- 
tion, Professor Goldfuss hus oven discovered traces of the membranous 
wing, ** with tlie impressions of curling tufts of hair, iu some places a 
full inob in length." | [Austed's AncimU World, p. 56.]— TV. 
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from the great phenomena of the motamorphism of organio 
life,* have led, through the admirahie labors of Dcshayet and 
Lyell, to the mott marked results, especially with* reference to 
the difierent groups of the tertiary formations, which contain 
a considerable number of accurately investigated structures. 
Agassiz, who has examined 1700 species of fossil fishes, and 
who estimates the number of living species which have either 
been described or are preserved in museums at 8000, expressly 
says, in his masterly work, that, ** with the exception of a few 
small fossil fishes peculiar to the argillaceous geodes of Green- 
land, he has not found any animal of this class in all the tran 
sition, secondary or tertiary formations, which is specifically 
identical with any still extant fish." lie subjoins the im- 
portant observation " that in the lower tertiary formations, 
for instance, in the coarse granular calcareous beds, and in the 
London clay,t one third of the fossil fishes belong to wholly 
extinct families. Not a single species of a still extant family 
is to be found under the chalk, while the remarkable family 
of the Sauroidi (fishes with enameled scales), almost allied 
to reptiles, and which are found from the coal beds — in which 
the larger species lie — ^to the chalk, where they occur individ- 
ually, bear the same relation to the two families (the Lepi- 
dosteus and Polypterus) which inljabit the American rivers 
and the Nile, as our present elephants and tapirs do to the 
Mastodon and Anaplotheriun of the primitive world. '*| 

The bods of chalk which contain two of thcso sauroid fishes 
and gigantic reptiles, and a whole extinct world of corals and 
muscles, have tx^en proved by Ehrenberg's beautiful discov- 
eries to consist of microscopic Pol^thalamia, many of which 
still exist in our seas, and in the muddle latitudes of the North 
Sea and Baltic. The first group of tertiary formations above 
the chalk, which has been designated as belonging to the 
Eocene Period, does not, therefore, merit that desiffnation, 
since *' the daum of the world in which we live extends much 
further back in the history of the past than we have hitherto 
supposed, "t 

As we have already seen, fishes, which are the most ancient 
of all vertebrata, are found in the silurian transition strata, 

* Oarier, R^kercke* amr Us Outment Fo$$Uei, t. i., p. 52-57. 8«o, 
■bo, the geologic*! Kale or epochs in PhiUip«*8 Otology^ 1837, p. 166- 
185. t [8e« Wcmden of Otology, voL i., p. 230.]— TV 

t AgmMix. Poiuon$ Fo$sUeM, t. i., p. 30, and t. iii., p. 1-52 ; Buck- 
land. Otology, vol. i., p. 273-277. 

\ Ehrenberg. Utbtr nock jttxl Ithende ThUrartm ir^ KreidtbUdmng 
ki the AblUmdl. der Btrlmer Akad., 1839, t. 164. 
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and then unintorruptedly on through all formations to tbo 
strata of the tertiary period, while Saurians hegin with the 
zeohstone. In like manner, we find the firat mammalia 
(Tkrjiacoilienum Frevostih and T. Bucklandii, which are 
nearly allied, according to Valenciennes,*' with marsupial an- 
imals) in the oolitic formations (Stonesfield schist), and tho 
first hirds in tho most ancient cretaceous strata.! Such are, 
according to the present state of our knowledge, the lowest) 
limits of fishes, Saurians, mammalia, and hirds. 

Although corals and Serpulida) occur in the most ancient 
fonnations simultaneously with highly-developed Cephalopodes 
and Crustaceans, thus exhibiting the most various orders 
grouped together, we yet discover very determinate laws in 
the case of many individual groups of one and the same or-> 
ders. A single species of fossil, as Goniatites, Trilobites, or 
Nummulites, sometimes constitutes whole mountains. Where 
dificrent families are blended together, a determinate succes- 
sion of organisms has not only been observed with reference 
to the superposition of the formations, but the association of 
certain families and species has also been noticed in the lower 
strata of the same formation. By his acute discoveiy of the 
arrangement of the lobes of their chamber-sutures, Leopold 
von Buch has been enabled to divide the innumerable quan- 
tity of Ammonites into well-characterized families, and to 
show that Ccratitcs appertain to the muschclkalk, Arietes to 
the lias, and Goniatites to transition limestone and graywacke.l 
The lower limits of Belcmnites are, in the kenper, covered by 
Jura limestone, and their upper limits in the chalk forma- 
tions. || It appears, from what we. now know of this subject, 
that the waters must have been inhabited at the same epoch, 
and in the most widely-remote districts of the world, by shell- 
fish, which were, at any rate, in part, identical with the fossil 
remains found in England. Leopold von Buch has discovered 
exogyra and trigonia in the southern hemisphere (volcano of 

* ValeDcienues, in the CompUs Rendu* de PAeadimU des Sdences, t. 
▼ii., 1838, Part ii., p. 580. 

t lu the Weald clay; Beudant, QiologU^ p. 173. The ornitholitei 
increase in number in the gypsum of the tertiary formations. Cuvier^ 
Ouemau PostUct, t. ii., p. 302-328. 

X r Recent collections from the southern hemisphere show that this 
distribution was not so universal during the earlier epochs as has gen- 
erally been supposed. See papers by Darwin, Sbarpe, Morris, and 
M'Coy, in the Oeological Journal.'^ — Tr. 

i Loop. voQ Uiich, in tlio Abkandl. der Btrl. Akad., 1830, s. 135-187 

I Queustedt, Fiotxgtbirge W^rtemUrgs, 1843, s. 135. 
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Bfaypo in Chili), and D'Orbifpiy has doseiibod Amraonitat 
and Giyphitcs from tho Himalaya and tho Indian plains o( 
Culch, these remains being identical with those found in the 
old Jurassic sea of Germany and France. 

The strata which are distinguished by definite kinds of pet- 
rifactions, or by the fragments contained within them, form 
a geognostio horizon, by which the inquirer may guide his 
steps, and arrive at certain conclusions regarding the identity 
or relative age of the formations, the periodic recurrence of 
certain strata, their parallelism, or their total suppression. If 
we classify the type of the sedimentary structures in the sim- 
plest mode of generalization, we arrive at the following series 
in proceeding from below upward : 

1. The so-called transilion rocks, in the two divisions of 
upper and lower graywacko (silurian and devonian systems), 
the latter being formerly designated as old red sandstone. 

2. Tho lower irias^^ comprising mountain limestone, coat 
melisures, together with the lower new red sandstone (Tedt' 
liegende and Zechstcin).t 

3. The upper tritu, including variegated sandstone,! mut* 
chelkalk, and keuper. 

4. Jura lintesUme (lias and oolite). 

5. Green sandstone^ the quader sanstein, upper and lower 
chalk, terminating the secondary formations, which begin with 
limestone. 

G. Tertiary formations in three divisions, distinguished at 
granular Umestone, tho lignites, and tho sub-Aponnine gravel 
of Italy. 

Then follow, in the alluvial beds, the colossal bones of the 
mammalia of the primitive world, as the mastodon, dinothe- 

* Quenstedt, FUtxgekirge WUrtemberws, 1843, 1. 13. 

t Murchi»on mnket twu divitiunt of tne butUer gatuUUme, the upper 
beinff tlie Mme m the tria$ of Alberti, while of the lower division, Uf 
whicn the Vo$gea mndalont of Elie de Beaumont belongst^the seei* 
tiein and the todtlUgende — he forms his Permian system. Ho makes 
the secoiidnry formntioiis comnioiico with the ^pptr triat^ that is to say, 
with the upper division of our (Gennan) hunter saudslone, while the 
Permian system, the carboniferous or mountain limestone, and the 
devonian and silurian strata, constitute his patmozoie formation*. Ao- 
cording to these riews, the chalk and Jura constitute the upper, and 
the keuper, the muschelkalk, and the hunter sandstone the lower sec* 
oodary formations, while the Permian system and the carbonifetTtot 
limestone are the np|»er, and tlie devonian and silurian strata are the 
lower palieosnic fonnaticm. The fuiKlaroental principles of this general 
claamfictition arc dovolo|>rd in tho grent work in wliirli this imlofatign* 
ble British geologist purposes to deioribe tho geology of a large part ol 
Eiilam Borope 
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riuni, missurium, and the megatherides, among 'which is 
Owen's sloth-like mylodon, eleven feet in length.* Besides 
these extinct families, we find the fossil remains of still extant 
animals, as the elephant, rhinoceros, ox, horse, and stag. The 
field near Bogota, called the Campo de Gigantes, which is 
filled with the hones of mastodons, and in which 1 caused ex- 
cavations to he made, lies 8740 feet ahove the level of tho 
sea, while the osseous remains, found in the elevated plateaux 
of Mexico, belong to true elephants of extinct species.t Tho 
projecting spurs of tho Himalaya, tho Sowaiik Hills, "which 
have been so zealously investigated by Captain Cautleyl and 
Dr. Falconer, and tho Cordilleras, whoso elevations aro, prob- 
ably, of very difierent epochs, contain, besides numerous mas- 
todons, the sivatherium, and the gigantic land tortoise of the 
primitive world (Colossodielys), which is twelve feet in length 
and six in height, and several extant families, as elephants, 
rhinoceroses, and girafios ; and it iiS a remarkable fact, that 
these remains are found in a zone which still enjoys the same 
tropical climate which must bo supposed to have prevailed at 
tho period of tho mastodons. I 

Having thus passed in review both the inorganic formations 
of the earth's crust and the animal remains which are con- 
tained within it, another branch of the history of organic life 
still remains for our consideration, viz., the epoch of vegeta 
tion, and the successive floras that have occurred simul- 
taneously with the increasing extent of the dry land and the 
modifications of the atmosphere. The oldest transition strata, 
as we have already observed, contain merely cellular marine 
plants, and it is otily in the devonian system that a few cryp- 
togamio forms of vascular plants (Calamites and Lycopodi- 
aceffi) have been observed. II Nothing appears to corroborate 

* [See Mantell't Wonders of Oeolog^f vol. i., p. 1G8.]~7V. 

t Olivier, Ostemens Fottiies, 1821, t i., p. 157, 2G1, and 2G4. See, 
alto, IluiiibolJt, Uebtr die Iloch^ene von Bogota, iu tho DeuUehen 
Vierteljahri-schrift, 1839, bd. i., i. 117. 

t [The fossil fauna of tho Sewalik range of hills, skirting the louth- 
eru base of the Himalaya, has proved more abundant iu genera and 
species of mammalia than that of any other region yet explored. As 
a general expression of the leading features, it may be stated, that it 
appears to have been composed of representative forms of all ages, 
from the oldest of the tertiary veriod down to the modern, and of all the 
geographical divisions of the Old Continent grouped together into one 
comprehensive fauna. Fattna Antigua Sivaliensie, by Hugh Falconer, 
M.D., ond Mujor 1*. T. Oauiley.]— Tr. 

^ Journal o^ the Asiatic Society, 1844, No. 15, p. 109. 

B Boy rich, m Kamten's ArchivfUr Afineralogie, 1844, bd. xviii., t. 218 



rALiBONTOLOGY. 279 

tbo theoretical views that have been itarted regarding the 
•implicity ofprimitiye forms of organic life, or that vegetable 
preceded animal life, and that the former was necessarily de* 
pendent upon the latter. The existence of races of men in- 
habiting the icy regions of the North Polar lands, and whose 
nutriment is solely derived from fish and cetaceans, shows the 
possibility of maintaining life independently of vegetable sub- 
stances. ARor the devonian system and the mountain lime- 
stone, we come to a formation, the botanical analysis of which 
has made such brilliant advances in modern times.* The 
coal measures contain not only fern like cryptogamic plants 
and phanerogamic monocotyledons (grasses, yucca-like Lilia- 
raas, and palms), but also gymnospcrmic dicotyledons (ConiforiD 
ind Cycadeas), amounting in ail to nearly 400 species, as char- 
acteristic of the coal formations. Of these wo will only enu- 
merate arborescent Calami tes and Lycopodiace®, scaly Lepi- 
dodendra, Sigillarios, which attain a height of sixty feet, and 
are sometimes found standing upright, being distinguished by 
a double system of vascular bundles, cactus-like Stigmaris, a 
great number of ferns, in some cases the stems, and in others 
the fronds alone being found, indicating by their abundance 
the insular form of the dry land,t Cycadeas,! especially palms, 
although fewer in number,^ Asterophyllites, having whorl-like 
leaves, and allied to the Naiades, with araucaria-like Conifene,!! 
which exhibit faint traces of annual rings. This diflerence of 
character from our present vegetation, manifested in the voffo- 
tative forms which were so luxuriously developed on the drier 

* By tho important Ubori of Ooant Btomberg, Adolpbo Drongniiirt, 
(Seppert, and Liodley. 

f 8ee Robert Brown'i Botany of Congo, p. 42, and the Memoir of 
the iiofurUinate D'Urville, De la Di§tnbuUon des Fougirm aur la fiar- 
faee dn Oloht Terrettrt. 

X Such are the Cycadoio diacovered by Cnnnt Sternberg in the old 
CiirlM»nirorouii fonimtioii at Iladiiitx, in Dolioinin, and drtcribi*4l by 
Cordn (two *nccio4i of Cycatiden aiid Zamitet Corda'i. Boo QOpport, 
FouVe Cycndeen in den Arheilen der Seklea. Ge»cU»eknfl, fkr wt/erl, 
Cnltmr im Jakr 1843, i. 33, 37, 40, and .'lO). A Cycudca (rtorophvllam 
ffonorrhachiii, GOnp.) lias alao been foanid in tlie earbouiferons wniia* 
tionii in Up|)er Silesia, at KOnigthQtte. 

% Lindley, FouU Flora, No. xv., p. 163. 

I FouU Coniferm, in Dockland's Ooolory, p. 483-490. Witlmm hat 
the great merit of having first recognized the existence of Ooniferat in 
the early vegetation of the old carb«)niferoas (bi-mation. Almost all the 
trunks of trees found in this formation were previously regarded as 
palms. Tiie species of the gciias Arancaria arc, liowever, not |)ecal« 
lar to the coal lormataous of the Dritiah Islaudi ; tkiey Ukewite occur ia 
Upper Silesia. 
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and inoro olovuiod iK)rlion8 of tho old red saudstono, was main" 
tainod through all Iho subscquout epochs to tho most recent 
chalk formations ; amid the |)oculiar characteristics exhibited 
in the vegetable forms contained in the coal measures, there 
is, however, a strikingly-marked prevalence of the same fami- 
lies, if not of the same species,* in all parts of the earth as it 
then existed, as in Ndw Holland, Canada, Greenland, and 
Melville Island. 

Tho vegetation of the primitive period exhibits forms which, 
from their simultaneous afRnity with several families of the 
present world, testify that many intermediate links must liave 
become extinct in the scale of organic development. Thus, 
for example, to mention only two instances, we would notice 
the Lepidodendra, which, according to Lindley, occupy a place 
between the Conifene and the Lycopodiace8B,t and the Arau- 
caria) and pines, which exhibit some peculiarities in the union 
of their vascular bundles. Even if wo limit our consideration 
to the present world alone, wo must regard as highly import- 
ant tho discovery of Cycadoo) and Conifera) side by side with 
Sagonai'iiu and JiOpidodundra in the anciout coal measures. 
The Couifcru) uro not only allied to Cupuli(eru) and Betulinu), 
with which we find them associated in lignite formations, but 
also with Lycopodiaceffi. Tho family of the sago-like Cyca- 
desD approaches most nearly to palms in its external appear- 
ance, while these plants are specially allied to Conitera} in re- 
spect to the structure of their blossoms and seed.l Where 
many beds of coal are superposed over one another, the fami- 
lies and species are not always blended, being most frequently 
grouped together in separate genera ; Lycopodiaceaa and cer- 
tain ferns being alone found in one bed, and Stigmarise and 
SigillarisB in another. In order to give some idea of the lux- 
uriance of the vegetation of the primitive world, and of the 
immense masses of vegetable matter which was doubtlessly 
accumulated in currents and converted in a moist condition 
into coal.i I would instance the Saarbriicker coal measures, 

* Adolnlio Drongninrt, Prodrome d^vne Hist, det Vigitaux FossUet, p. 
179 ; DiicKland, Geology, p. 479 ; Budlicber aud Utigor, OrundzUge def 
Botanik, 1813, a. 455. 

t " By nieuiw uf LopidtMlciidran, n better passage is established from 
flowering to tlowurless pluuts thuti by either Ei]iiisetaiu or Cyciu, or 
any other kuowu geuus." — Liiidley and Huttoii, Foail Flora, vol. ii., 
p. 53. 

t Kiiuth, Anordnung der PJlanzenfamilien, in his Handb. der BoianiK 
s. 307 uud 314. 

% That coal has not been formed from vogotithlo fihors charred bv 
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where 120 beds are supcrpofled on one another, exclusive of a 
great many which are less than a foot in thickness ; the coal 
beds at Johnstone, in Scotland, and those in the Creuzot, in 
Burgundy, are some of them, respectively, thirty and fifty feet 
in thickness,* while in the forests of our temperate zones, the 
carbon contained in the trees growing over a certain area 
would hardly suffice, in the space of a hundred years, to cover 
it with more than a stratum of seven French lines in thick* 
ness.t Near the mouth of the Mississippi, and in the '* wood 
hills" of the Siberian Polar Sea, described by Admiral Wran- 
gel, the vast number of trunks of trees arcumulated by river 
and sea water currents aflbrds a striking instance of the 
enormous quantities of drift-wood which must have favored 
the formation of carboniferous depositions in the inland waters 
and insular bays. There can be no doubt that these bods 
owe a considerable portion of the substances of which they 
consist to grasses, small branching shrubs, and cryptogamio 
plants. 

The association of palms and Conifene, which we have in- 
dicated as being characteristic of the coal formations, is dis- 
coverable throughout almost all formations to the tertiary 
period. In the present condition of the world, these genera 

fire, bat that it hat moro probably been prodaced in the moiit way by 
the action orMilnharic acid, if ttrikingly demonttrated by Ihe excellent 
obtenration imiae by GOpiwrt (Kamten, Areki» fUr MineralogU, bd. 
xviii., a. 530), on the convumtou of a fnigmont ofainbor-treo into black 
coal. The c(miI and (ho uiinltoriMl nnilior Iny sido by tide. Rogimlhig 
tho part which tho lower fonnn of vcgetntioii may have had In tho for- 
VMtion of coal beds, nee Link, iu tho Abhandi, der Berliner Akademie 
der IVisariuekaJten, 1838, t. 38. 

* [The actual total Uiickneta of the diflTerent bedi in England Tariet 
contidembly in difleront district*, bat appears to amount in the Lanca- 
thim coal field to as much as 150 feet. — Anstcd's Aneieni World, p. 
78. For nn enumeration of the thickneiis of coal meiuinros in America 
and tho Old Continent, see Mnntcll's Wondert of Oeolory^ toI. ii., p. 
09.]-7V. 

f Bee the accurate labors of Chcvnndier, in the Comples Rendif ds 
fAcadimie dtt Scieneet, 1844, t. xriii., I'art i., p. 285. In comparing 
this bed of carbon, seven lines in thickness, with beds of coal, we mnst 
not omit to consider the enormous pressure to which the latter hare 
been subjected from superimposed rock, and which manifests itself in 
the flattened form of the stems of the trees found in these subterranean 
regions. "The so^alled ftood-kUh discovered in 1806 by Sirowntskoi, 
on the south coast of the itland of New Siberia, consist, according to 
HedenstrOm, of horizontal strata of sandstone, alternating with bita> 
iniuous tnuiks of trees, forming a mound thirty fatlioms in heigh* ; at- 
the summit the stems were in a vertical position. The bed of ilrift- 
wood is visible at five wersts' distance." — Bee Wmncel, Reim idact 
dtr N9rdk%9U f»ii Sibtrien, in dtn Jakrtn 1820-24, th. I, s. 102. 
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appear to exhibit no tendency whatever to oeonr associated 
together. We have so accustomed ourselves, although erro- 
neously, to regard Conifora) as a northern form, that I experi* 
enccd a feeling of surprise when, in ascending from the shores 
of the South Pacific toward Chilpansingo and the elevated 
valleys of Mexico, between the Venta de la Maxonera and the 
Alto de los Caxanes, 4000 feet above the level of the sea, 1 
rode a whole day through a dense wood of Pinus occidentalis, 
where I observed that these trees, which are so similar to the 
Weymouth pine, were associated with fan palms* {Corypha 
dulcis), swanning with brightly-colored parrots. South Amer- 
ica has oaks, but not a single species of pine ; and the first 
time that I again saw the familiar form of a fir-tree, it was 
thus associated with the strange appearance of the fan palm.f 
Christopher Columbus, in his first voyage of discovery, saw 
Conifers and palms growing together on the northeastern ex- 
tremity of the island of Cuba, likewise within the tropics, and 
scarcely above the level of the sea. This acute observer, 
whom nothing escaped, mentions the fact in his journal as a 
rciuarkublo circumstance, and his friend Aughiera, the secre- 
tary of Ferdinand the Catholic, remarks with astonishment 
" that pcdmeta and pineta are found associated together in 
the newly-discovered land." It is a matter of much import- 
ance to geology to compare the present distribution of plants 
over the earth's surface with that exhibited in the fossil floras 
of the primitive world. The temperate zone of the southern 
hemisphere, which is so rich in seas and islands, and where 

* This corypha is the »oyate (in Aztec, xoyatl), or the Palma dvlee of 
the natives, oeo liuiuboldt and Bonphmd, SynopM Plant. jEquinoct* 
Orbit Novi, t. i., p. 302. Professor Buschinann, who is profouadly ac- 
quainted with the American languages, remarks, that the Palma toyaU 
u so named in Yepe's Voeabulario de la Lengua OlKomi, and that the 
Aztec word zoyatl (Molina, Voeabulario en Lengua Mexieana y Caetel- 
lana, p. 25) recui*s in names of places, such as Zoyatitlou and Zoya- 
panco, near Chiapa. 

t Near Baracua and Oayos de Moya. See the Admiral's journal of 
the 25th and 27th of November, 1492, and Humboldt, Examen CrUiane 
de VHi»t. de la Oiograpkie du Nouveau Conlinentf t. ii., p. 252, ana t. 
iii., p. 23. Oolumbus, who invariably paid the most remarkable atten« 
tion to all natural objects, was the first to observe the difierence be- 
twuen Podocarput and Pinut. " I find," said he, ** en la tierra ospera 
del Oibao pinos que no llovan pinas (fir cones), pero portal onlen com- 

Suestos por naturuleza, que (los frutos) parecen azeytunas del Azarafe 
e Sevilla." The great botanist, Richard, when he published his ez- 
collont Momoir on Cycadoio and Ooniforie, little imagined tliat before 
the time of L'I]6rilior, and oven buforo the end of Uio fifteenth con* 
tury, a navigator had soimratod Podocarput from the Abietiueui. 
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txopioal fomit blond bo remarkably with thoso of ooldor parts 
of the earth, prcsoiiU, according to Dorwin*t beautiful and 
animated descriptions,* the most instructive materials for tho 
study of the present aud the past geography of plants. The 
history of the primordial ages is, in the strict sense of the 
word, a part of the history of plants. 

Cycades, which, from the number of their fossil species, must 
have occupied a far more imfwrtant part in the extinct than 
in the present vegetable world, are associated with the nearly 
allied Conifere from the coal formations upward. They are 
almost wholly absent in the epoch of the variegated sandstone 
which contains Coaifene of rare and luxuriant structure ( Vol' 
tizin, Haidingera, Aibertia) ; the Cycadea), however, occur 
most frequently in the keuper and lias strata, in which more 
than twenty diflercnt forms apjicar. In the chalk, marina 
plants and naiades predominate. The forests of Cycadeo) of 
the Jura formations had, therefore, long disappeared, and even 
*n the more ancient tertiary formations they are quite subor- 
dinate to the CouifcnD and palms.f 

The lignites, or beds of brqwn coalt which are present in 
all divisions of the tertiary period, present, among the most 
ancient cryptogami i land plants, some few palms, many Co- 
nifera having distinct annual rings, and foliaceous shrubs of a 
more or less tropical character. In the middle tertiary period 
we again find palms and Cycadcn fully established, and fmal- 
ly a great siniilarity with our existing flora, manifested in tho 
sudden and abundant occurrence of our pines and firs, Cupu- 
lifcriD, maples, and poplars. The dicotyledonous stems found 
in lignite are occasionally distinguishea by colossal size and 
great age. In the trunk of a tree found at Bonn, Noggerath 
counted 792 annual rings. 4 In the north of France, at Yseux, 
near Abbeville, oaks have been discovered in the turf moors 
of the Somme which measured fourteen feet in diameter, a 
thickness which is very remarkable in the Old Continent and 
without the tropics. .According to Goppcrt's excellent invet- 
tigations, which, it is hoped, may soon be illustrated by plates, 
it would appear that " all the amber of the Baltic comes from 

* Chnrlet Darwin, Jommal of the Voyagta of ike Adotmturo ami 
^MiWr. 18:)9,D. 271. 

t Gappert detcribet thr«e other Cjcadnir (specirt of Cjcaditet and 
Plerophyllam), foaiid in Uie brown carboniferous Khiatoae claj of Alt- 
•attel and Commofan, in Doliemin. They very probably belong to the 
Eocene Period. GOppert, Fomlc Cfcadem, s. CI. 

I [Modal$ of Crmtion, vol. i., ch. v., Su:. Wondtrg of Oeoiogf, vol. t., 
p. 278, 392.}— TV. ( Bockland, Oeoioff, p. 509. 
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a coniferous tree, which, to judge by the still extant remaini 
of the wood and the bark at dilTereiit ages, approaches very 
nearly to our white and red pines, although forming a distinct 
species. The amber-tree of the ancient world {Pinites sued- 
fer) abounded in resin to a degree far surpassing that mani- 
lested by any extant coniferous tree ; for not only were largo 
masses of amber deposited in and upon the bark, but also in 
the wood itself, following the course of the medullary rays, 
which, together with ligneous cells, are still discernible under 
the microscu|)o, and pcri|)horally botweeu the rings, being some 
times bolli yellow and whilo." 

*' Among the vegetable forms inclosed in amber are male 
and female blossoms of our native needle- wood trees and Cupu- 
liiersB, while fragments which are recognized as belonging tc 
thuia, cupressus, ephedcra, and castania vesca, blended with 
those of junipers and firs, indicate a vegetation diflerent fronr 
that of the coasts and plains of tho Baltic."* 

We have now passed through tho whole series of formations 
comprised in tho geological portion of the present work, pro- 
ceeding from the oldest erupted jrock and tho most ancient sed- 
imentary ibrmations to the alluvial land on which are scat- 
tered those large masses of rock, the caus4 s of whose general 
distribution have been so long and variously discussed, and 
which are, in my opinion, to be ascribed rather to the pene^ 
tration and violent outpouring of pent-up waters by the eleva- 
tion of mountain chains than to the motion of floating blocka 
of ice.t The most ancient structures of the transition forma- 

* [The foresti of ambur-piues, Pinilet .tuectfcTf were in tlie sontheast- 
eru part of wliut ia now tlio b<Ml uf ibo Uuliic, in about 55^ N. lut., 
oud 37^ B. 1qU{{. The ditlbrcnt colors of amber uro derived fmiu local 
chemical admixture. The umber contuius fnigments of vegeiuble mat- 
ter, and fn»m ihcdO it hns been ascertained thai the aniber-|>ino forests 
contained four oilier spueies of pino (beiiiiloD the Pinites snccifer), sov- 
crul cypresses, yews, and juiii|>ei-s, with onks, |M)plurs, lieeches, &c. — 
oUogothor forty-eight species of trees and shrubs, consliuiting a Horv 
of North American clninicter. There are also some ferns, mosses, fungi, 
and Uvcrworu. See Professor 05ppert, Qeot. Traas.t 1845. Insects, spi 
ders, small crustaceans, leaves, and fragments of vegetable tissue, aro 
imbedded in some of the musses. Upward of 800 species of insects 
have been observed; most of them belong to species, unii even genera, 
that appear to be distinct from any now known, but others are nearly 
related to indigenous species, and some nre identical with existing forms, 
tliat inhabit m jre southern climes. — IVondert of Qeologyt vol. i., p. 242, 
dBc.]— Tr. 

t LcoiMild von Duch, in tho Abhandl. der Akad. der Wistentek. gu 
BeiUn, 1814-15, s. IGl ; and in Tojigend., Annalen, bd. ix., s. 57.** ; KW 
do Buttumonl. iu the Amnaltt da Seiencet Naturtllf, t. xLx., p. UO. 
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lion with which we are acquainted are Alato and gra^waeke, 
which contain some rcniainn of sea weeds from the silurian or 
Cambrian sea. On what did these so-called most ancient for- 
mations rest, if gneiss and mica schist must be regarded as 
changed sedimentary strata ? Dare we hazard a conjecture 
on that which can not be an object of actual geognostic obserr- 
ation ? According to an ancient Indian myth, the earth ii 
borne up by an elephant, who in his turn is supported by a 
gigantic tortoise, in onler that he may not fall ; but it is not 
permitted to the credulous Brahmins to inquire on what the 
tortoise rests. We venture hero upon a somewhat similar 
problem, and are prepared to meet with opposition in our en- 
deavors to arrive at its solution. In the first formation of the 
planets, as we stated in the astronomical portion of this work, 
it is probable that nebulous rings revolving round the tun were 
agglomerated into spheroids, and consolidated bv a gradual 
condensation proceeding from the exterior toward the center. 
What we term the ancient silurian strata are thus only the 
upper portions of the solid crust of the earth. The erupted 
rocks which have broken through and upheaved these strata 
have been elevated from depths that are wholly inaccessible 
to our research ; they must, therefore, have existed under the 
silurian strata, and been composed of the same association of 
minerals which we term granite, augite, and quartzose por- 
phyry, when they are made known to us by eruption through 
the surface. Basing our inquiries on analogy, we may assume 
that the substances which fill up deep fissures and traverse the 
•edimentary strata are merely the ramiBcations of a lower do- 
posit. The foci of active volcanoes are situated at enormoui 
depths, and. judging from the remarkable fragments which I 
have found in various parts of the earth incrusted in lava cur- 
rents, I should deem it more than probable that a primordial 
granite rock forms the substratum of the whole stratified edi- 
fice of fossil roiiinins.* Basalt coiitaiiiiiig olivine first sliowt 
itself in the period of the chalk, trachyte still later, while erup- 
tions of granite belong, as wo learn from the products of their 
metamorphic action, to the epoch of the oldest sedimentary 
strata of the transition formation. Where knowledge can not 
be attained from immediate perceptive evidence, we may bo 
allowed from induction, no less than from a careful compariaoa 
of facts, to hazard a conjecture by which granite would be ro- 

* 8e« Blie de Deaamont. Desrr. 04oL ds U Frmmet, t. i., p. 65 ; Bes* 
dant, GMogu, 1844, p. 90J. 
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stored to a portion of its cH)ate8ted right and title to be consid* 
ered as a primordial rock. 

The recent progress of geognosy, that is to say, the more 
extended knowledge of the geognostic epochs characterized by 
difference of mineral formations, by the peculiarities and suo- 
oession of the organisms contained within them, and by the 
position of the strata, whether uplifted or inclined horizontally, 
leads us, by means of the causal connection existing among all 
natural phenomena, to the distribution of solids and fluids into 
the continents and seas which constitute the upper crust of our 
planet. We here touch upon a point of contact between geo- 
logical and geographical geognosy which would constitute the 
complete history of the form ana extent of continents. The 
limitation of the solid by the fluid parts of the earth's surface, 
and their mutual relations of area, have varied very consider- 
ably in the long series of geognostic epochs. They were very 
didbront, for instance, when carboniferous strata were horizon- 
tally deposited on the inclined beds of the mountain limestone 
and old rod vandstono ; when lias and oolite lay on a substra- 
tum of keupcr and muschclkalk, and the chalk rested on the 
slopes of green sandstone and Jura limestone. If, with Elie 
de Beaumont, we term the waters in which the Jura limestone 
and chalk formed a soft deposit the, Jurassic or oolitic^ and the 
cretaceous seas, the outlines of these formations will indicate, 
for the two corresponding epochs, the boundaries between the 
already dried land and the ocean in which these rocks were 
fonning. An ingenious attempt has been made to draw maps 
of this physical portion of primitive geography, and we may 
consider such diagrams as more correct than those of the wan- 
derings of lo or the Homeric geography, since the latter are 
merely graphic representations of mythical images, while the 
former are based upon positive facts deduced from the science 
of geology. 

The results of the investigations made regarding the areal 
relations of the solid portions of our planet are as follows : in 
the most ancient times, during the silurian and devonian tran- 
sition epochs, and in the secondary formations, including the 
trias, the continental portions of the earth were limited to in- 
sular groups covered with vegetation ; these islands at a sub- 
sequent period became united, giving rise to numerous lukes 
and deeply-indented bays ; and, finally, when the chains of 
the Pyrenees, Apennines, and Carpathian Mountains were 
elevated iibout the period of the more ancient tertiary forma* 
tions, large continents appeared, having almost their present 
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■ixe.* In the Silurian epoch, at well ai in that in which the Cy- 
oadeo flourished in such abundance, and gigantic sauriant wove 
lirinff, the dry land, from pole to polo, was probably less than it 
now 18 in the South Pacihc and the Indian Ocean. Wi^shall 
see, in a subsequent part of this work, how this prepondera- 
ting quantity of water, combined with other causes, must have 
contributed to raise the temperature and induce a greater uni* 
formity of climate. Here we would only remark, in consider- 
ing the gradual extension of the dry land, that, shortly before 
the disturbances which at longer or shorter intervals caused 
the sudden destruction of so great a number of colossal vcrte- 
brata in the diluvial period^ some parts of the present conti- 
nental masses roust have been completely separated from one 
another. There is a great similarity in South America and 
Australia between still living and extinct species of animals. . 
In New Holland fossil remains of the kangaroo have been 
found, and in New Zealand the semi-fossilized bones of an enor- 
mous bird, resembling the ostrich, the dinornis of Owen,t which 
is nearly allied to the present apteryx, and but little so to the re- 
cently extinct dronto (dodo) of the island of Rodriguez. 

The form of the continental portions of the earth may, per- 
haps, in a great measure, owe their elevation above the sur- 
rounding level of the water to the eruption of quartzose por- 
phyry, which overthrew with violence the first great vegeta- 
tion from which the material of our present coal nioasures was 
formed. The portions of the earth s surface which we term 
plains arc nothing more than tlio broad summits of hills and 
mountains whose bases rest on the bottom of the ocean. Every 
plain is, therefore, when considered according to its submarine 
relations, an eUvcUed pUUeau, whose inequalities have been 
covered over by horizontal deposition of new sedimentary for- 
mations and by the accumulation of alluvium. 

* [Tbote moTemento, dotcribed in to few wonlt, wore doabtleat go 
ing on for many thoutandt and tent of thciutands of revoliitioiit of our 
planet. Thej were accompanied, altki, by vatt but slow changes of other 
kinds. The eipenstve force emplojed in lifting up, bj mightv move- 
ments, the northern portion of the continent of Asia, found partial vent ; 
and from partial subaqneoos fissures there were poured out tlio tabular 
masses of oasalt occurring in Central India, while an eitensive area of 
depressioo in the Indian Ocean, marked by the coral islands of the Lac- 
cadives, the Maldives, the great Ohagos Bank, and some others, were 
in the conrse of depression by a counteracting movement. — Ansted's 
Ameiemt World, p. 346. &jc.}—Tr. 

t [See Amerieam Journal of Science, vol. xlv., p. 187; and MedmU 
ef Crtaiiom, vol. ii., p. 817 ; Tram. Zoolog, Soeklf of London, vol. ii.| 
W9nd»Tt oj Geology, \f i. p. 129.)— TV. 
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stored to a portion of its oontested right and title to be connd* 
ered as a primordial rock. 

The recent progress of geognosy, that is to say, the more 
extended knowledge of the geognostio epochs characterized by 
difference of mineral formations, by the peculiarities and suo- 
oession of the organisms contained within them, and by the 
position of the strata, whether uplifted or inclined horizontally, 
leads us, by means of the causal connection existing among ail 
natural phenomena, to the distribution of solids and fluids into 
the continents and seas which constitute the upper crust of our 
planet. We here touch upon a point of contact between geo- 
logical and geographical geognosy which would constitute the 
complete history of the form and extent of continents. The 
limitation of the solid by the fluid parts of the earth's surface, 
and their mutual relations of area, have varied very consider- 
ably in the long series of geognostic epochs. They were very 
didbront, for instance, when carboniferous strata were horizon- 
tally deposited on the inclined beds of the mountain limestone 
and old red ttandstone ; when lias and oolite lay on a substra- 
tum of kcupcr and muschelkalk, and the chalk rested on the 
slopes of green sandstone and Jura limestone. If, with Elie 
de Beaumont, we term the waters in which the Jura limestone 
and chalk formed a soft deposit the Jurassic or oolitic^ and the 
cretaceous seas^ the outlines of these formations will indicate, 
for the two corresponding epochs, the boundaries between the 
already dried land and the ocean in which these rocks were 
forming. An ingenious attempt has been made to draw maps 
of this physical portion of primitive geography, and we may 
consider such diagrams as more correct than those of the wan- 
derings of lo or the Homeric geographv, since the latter are 
merely graphic representations of mythical images, while the 
former are based upon positive facts deduced from the science 
of geology. 

The results of the investigations made regarding the areal 
relations of the solid portions of our planet are as follows : in 
the most ancient times, during the silurian and devonian tran- 
sition epochs, and in the secondary formations, including the 
trias, the continental portions of the earth were limited to in- 
sular groups covered with vegetation ; these islands at a sub- 
sequent period became united, giving rise to numerous lakes 
and deeply-indented bays ; and, finally, when the chains of 
the Pyrenees, Apennines, and Carpathian Mountains were 
elevated iibout the period of the more ancicut tertiary forma* 
tious, large continents appeared, having almost their present 
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rast oceanic baiin, which, under the tropics, extends oyer 145^ 
of longitude, tlio Great Occan^ in contradistinction to all other 
seas. The southern and western hemispheres (reckoning the 
latter from the meridian of TeneriHe) are therefore more rich 
in water than any other region of the whole earth. 

These are the main points inTolved in the consideration of 
the relative quantity of land and sea, a relation which exer- 
cises so important an influence on the distribution of temper- 
ature, the Yariations in atmospheric pressure, the direction 
of the winds, and the quantity of moisture contained in the 
air, Mrith which the development of vegetation is so essentially 
coimccted. When we consider that nearly throe fourths ol 
the upper surface of our planet are covered with water,* we 
shall oe less surprised at the imperfect condition of meteorol- 
ogy before the bq^inning of the present century, since it is only 
during the subsequent period that numerous accurate observa- 
tions on the temperature of the sea at diflbrent latitudes and 
at difleront seasons have been made and numerically compared 
together. 

The horizontal configuration of continents in their general 
relations of extension was already made a subject of intellectual 
contemplation by the ancient Greeks. Coigectures were ad- 
vanced regarding the maximum of the extension from west to 
east, and DicflDarchus placed it, according to the testimony of 
Agathomcrus, in the latitude of Rhodes, in the direction of a 
line passing from the Pillirs of Hercules to Thine. This line, 
which has been termed the paraUd of the diaphragm of Di- 
caarchtiSf is laid down with an astronomical accuracy of po- 
sition, which, as I have stated in another work, is well worthy 
of exciting surprise and admiration.t Strabo, who was proba- 
bly influenced by Eratosthenes, appears to have been so firmly 
convinced that this parallel of 36^ was the maximum of the 
extension of the then existing world, that ho suppoaod it had 
some intimate connection with the form of the earth, and 
theroforo places under this line the continent whoso existence 



* In the Middle Ages, the opinkxi prermiled that the tea ooTere«l ^a»tf 
one MTenth of the •artace of the globe, an oninion which Cardinal d'Ailly 
(Itnagc Mumdit cap. 8) fbanded on the foartb apocryphal book of Eedraat 
Oolombtts. who derived a great portion of hii c ow no gi aphical knowledge 
from the cardiiial't work, wm much interested in upholding thit idea 
of tlio tinsUnrtM of tlie tea, to wliich tlio miaamlomtnod oipro«aiou of 
** tlio ocean •tream'* omilribtitod not a littlo. 8co llumboUlt, Exmm^m 
CHHqme tU ClUti. d« In Ofograpkie, t. i., p. 180. 

t Agathemenu. in lludaoii, OengmfJu MinofMi ^ ii*t P* 4* Sea 
Ilanibiildt, AtU CaUr., t i.. p. 120-125. 

Vol. I.— N 



290 COSMOS. 

he divined in the northern hemisphere, between Theria and 
the coasts of Thine.* 

As we have already remarked, one hemisphere of the earth 
(whether we divide the sphere through the equator or through 
the meridian of Tenerifie) has a much greater expansion of 
elevated land than the opposite one : these two vast ocean- 
girt tracts of land, which we term the eastern and western, 
or the Old and New Continents, present, however, conjointly 
with the most striking contrasts of configuration and position 
of their axes, somo similarities of form, especially with refer- 
cuco to the mutual relations of their opposito coasts. In the 
eastern continent, the predominating direction — the jiosition 
of the major axis — inclines from east to west (or, more cor- 
rectly speaking, from southwest to northeast), while in the 
western continent it inclines from south to north (or, rather, 
from south-southeast to north-northwest). Both terminate to 
the north at a parallel coinciding nearly with that of 70^, 
while they extend to the south in pyramidal points, having 
submarine prolongations of islands and shoals. Such, for in- 
stance, are the Archipelago of Tierra del Fuego, the Lagullas 
Bank south of the Cape of Good Hope, and Van Diemen's 
Land, separated from New Holland by Bass's Straits. North- 
em Asia extends to the above parallel at Cape Taimura, which, 
according to Krusenstem, is 78^ 16', while it falls below it 
firom the mouth of the Great Tschukotschja River eastward 
to Behring's Straits, in the eastern extremity of Asia — Cook's 
East Cape— which, according to Beechey, is only 66^ 3'.t 
The northern shore of the New Continent follows with toler- 
able exactness the parallel of 70^, since the lands to the north 
and south of Barrow's Strait, from Boothia Felix and Victoria 
Land, are merely detached islands. 

The pyramidal configuration of all the southern extremities 
of continents belongs to the similitudincs pfiysica in configu- 
ratione mundi, to which Bacon already called attention m his 
Novum Organan, and with which Beinhold Foster, one of 
Cook's companions in his second voyage of circumnavigation, 
connected some ingenious considerations. On looking eastward 
from the meridian of Tenerifie, we perceive that the southern 
extremities of the three continents, viz., Africa as the extreme 

* Strabo, lib. i., p. 65, Casaub. See Humboldt, Ezamen CriLf t. U 
p. 152. 

t On the mean latitude of the Northern Asiatic shores, and the true 
name of Oape Taimura (Oape Siewero-Wostotschuoi), and Cupo North* 
oaat (Schalagikoi Mys), mo Humboldt, AmU CaUnuci t. iii., p. 35, 37. 
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of the Old World, Australia, and South America, suooeMively 
approach nearer toward the south pole. New Zealand, whose 
length extends fully 12^ of latitude, forms an intermediate 
link between Australia and South America, likewise terminap 
ting in an island, New Leinster. It is also a remarkable cir- 
cumstance that the greatest extension toward the south falls 
in the Old Continent, under the same meridian in which the 
extremest projection toward the north pole is manifested. This 
will be perceived on comparing the Uape of Good Hope and 
the Lagullas Bank with the North Cape of Europe, and the 
peninsula of Malacca with Cape Taimura in Siberia.* We 
know not whether tho poles of tlio earth are surrounded by 
land or by a sea of ice. Toward the north pole the parallel 
of 82^ 55' has been reached, but toward the south pole only 
that of 780 10'. 

Tho pyramidal terminations of the great continents are van 
ously repeated on a smaller scale, not only in tho Indian Ocean, 
and in the peninsulas of Arabia, Hindostan, and Malacca, but 
also, as was remarked by Eratosthenes and Polybius, in the 
Mediterranean, where these writers had ingeniously compared 
together the forms of the Iberian, Italian, and Hellenic penin- 
sulas.t Europe, whose area is five times smaller than that 
of Asia, may almost be regarded as a multifariously articulated 
western peninsula of tho more compact mass of the continent 
of Asia, the climatic relations of the former boing to those of 
tho latter as the peninsula of Brittany is to the rest of France.t 
The influence exercised by tho articulation and higher devel- 
opment of the form of a continent on the moral and intellect- 
iial condition of nations was remarked by Strabo,4 who extols 

* Humboldt, AmU CentraU^ t i., p. 198-SOO. The ■oatbem poiot 
of America, and the Archipelago which we call Terra del Fuego, lie io 
the meridian of the nortliwe<item part of Baffiii*t Day, and of Uie area! 
polnr Uud, wlioao limits have not aa yet been atcortaiuod, and which, 
|»eriin|M, licloiigii to Wont Omoidand. 

t 8imlN), lih. ii., p. !)2, 108, Cawiiib. 

t lluitdxildt, A»ir. CcntraU, t lii., p. 35. Ai cnrlj aa tho yoar 1817, 
fai mj work Di diitributionM Oeogrwkicd Planiaruwt, tecumdnm emU 
Umptriem, H aliUudinem Montinm, I utrected attention to the import 
ant influence of compact and of deeplj-articolated oontineota on climat* 
•od human civilirmtion, ** Regionea vel per tinua lunatoa in longa oomat 
porrectie, an£ulo«i« littorom receMibna quasi membratim discerptv, vol 
spatia pateotta in immensom. quorum httora nullis incisa anguhs ambit 
sine anfracto oceanus" (p. 81, 182). On ttie relations of the citeot of 
coast to tlie arra of a continent (considered in some degree as a mea» 
ore of the accessibility of the interior), see tlie inquiries in Derghaus, 
Amnalm Ur Erdinmd^ bd. xii., 1835. s. 400, and Pkfsikal. AU—, 1839 
Ifa iti , s. 69. f Strabo, lib. it, p. 93, 198, Oaaaob. 
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the varied fonn of our small continent as a special advantage. 
Africa* and South America, which manifest so great a resem- 
blance in their configuration, are also the two continents that 
exhibit the simplest Uttoral outlines. It is only the eastern 
shores of Asia, which, broken as it were by the force of the 
currents of the oceant {/ractas ex ctquore terras), exhibit a 
richly-variegated configuration, peninsulas and contiguous isl- 
ands alternating from the equator to 60° north latitude. 

Our Atlantic Ocean presents all the indications of a valley. 
It is as if a flow of eddying waters had been directed first to- 
ward the northeast, then toward the northwest, and back 
again to tho northeast. Tlio parallelism of the coasts north 
of 10° south latitude, the projecting and receding angles, the 
convexity of Brazil opposite to the Gulf of Guinea, that of 
Africa under the same parallel, with the G ulf of the Antilles, 
all favor this apparently speculative view.| In this Atlantic 
valley, as is almost every whore the case in tho configuration 
of large continental masses, coasts deeply indented, and rich 
in islands, are situated opposite to those possessing a difTerent 
character. I long since drew attention to the geognostic im- 
portance of entering into a comparison of the western coast of 
Africa and of South America within the tropics. The deeply- 
curved indentation of the African continent at Fernando Po, 
4° 30' north latitude, is repeated on the coast of the Pacific 
at 18° 15' south latitude, between the Valley of Arica and 
the Morro de Juan Diaz, where the Peruvian coast suddenly 
changes the direction from sonth to north which it had previ- 
ously followed, and inclines to the northwest. This change 

* Of Africa, Pliny laYs (v. I), ** Neo alia pars terrarum paaciorea re* 
oipit sinuA.*' The tmail ludian peninsula on this tide the Ganges pre- 
•euts, ill its triangular outline, a third analogous form. In aucient 
Greece there prevailed an opinion of the regular configuration of the 
iry land. There were four gulfs or bays, among which tho Persian 
Gulf WHS placed in opposition to tho Ilyrcaniun or Caspian Sea (Arriuu, 
vii., IG ; I'lut, in vita Alexandri, cap. 44 ; Dionys. Perieg., v. 48 and 
630, p. 11, 38, Beruh.). These four bays and the isthmuses were, ac- 
cording to the optical fancies of Agesianax, supposed to be reflected in 
, the moon (Pint, de Facte in Orbem Luna, n. 921, 19). Respecting tlie 
terra quadrifida, or four divisions of the dry land, of which two lay 
north and two south of the equator, see Macrobius, Comm. in Somnium 
8eif<ioni§, ii., 9. I have submitted this portion of the geography of the 
ancients, regarding which great confusion prevails, to a new and care* 
ful examination, in my Examen Crii, de IrHist. de la Oiogr., t. i., p. 
119, 145, 180-185, as also in Atie Centr., t. ii., p. 172-178. 

t Fleuriou, in Voyage de Marchand autonr du Afondet t. iv., p. 38-42. 

i Humboldt, in the Journal de Phyeique, liii., 1799, p. 33; and Reh 
Hid*, t. ii., p. 19 ; t. iii., p. 189, 198. 
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of direction extends in like manner to the chain of the Andeii 
which is divided into two parallel branches, aflcotinp; not only 
the littoral portions,* but even the eastern Cordilleras. In 
the latter, civilization had its earliest seat in the South Amer- 
ican plateaux, where the small Alpine lake of Titicaca bathes 
the feet of the colossal mountains of Sorata and Illimani. 
Further to the south, from Valdivia and Chiloe (40'' to 42'' 
south latitude), through the Archipelago de los Chonos to 
Terra dd Fuego, we find repeated that singular configuration 
oi fiords (a blending of narrow and deeply-indented bays), 
which in the Northern hemisphere characterizes the western 
shores of Norway and Scotland. 

These are the most general considerations suggested by the 
study of the upper surface of our planet with referenoo to the 
form of continents, and their expansion in a horizontal direc- 
tion. We have collected facts and brought forward some 
analogies of configuration in distant parts of the earth, but we 
do not venture to regard them as fixed laws of form. When 
the traveler on the declivity of an active volcano, as, for in- 
stance, of Vesuvius, examines the frequent partial elevations 
by which portions of the soil are often permanently upheaved 
several feet above their former level, either immediately pre- 
ceding or during the continuance of an eruption, thus forming 
rooMike or flattened summits, he is taught how accidental 
conditions in the expression of the force of subterranean va- 
pors, and in the resistance to bo overcome, may modify tho 
fonn and direction of the elevntod iwrtions. In this manner, 
feeble perturbations in the equilibnum of tho internal elastio 
forces of our planet may have inclined them more to its north- 
em than to its southern direction, and caused the continent 
in tho eastern part of the globe to present a broad mass, whose 
major axis is almost parallel with the equator, while in the 
western and more oceanic part tho southern extremity is ex- 
tremely narrow. 

Very little can be empirically determined regarding the 
eausal connection of the phenomena of the formation of con- 
tinents, or of the analogies and contrasts presented by their 

* Humboldt, in PoggendorTt Antudtn der Pkytik, bd. ll., t. 171. 
On tlie remarkable fiora formation at the toutheaat end of America, tee 
Darwin *• Journal {Narratipe of Ike Voyages of ike Admeminre amd Bea- 
Wi. vol. iii.), 1839. p. 266. The pamltolism of the two monntain chains 
w maintaiiKHl Trnm t>^ aotith to 5^ north latitude. Tho change in tho 
direction of tlio c«KMt nt Anca apjicani to bo in cfmMoquonco of Uio al- 
tered coaree of the fiamirr, above which the Oordillerm of the Andes 
baa been apbeaved. 
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configuraiion. All that we know regarding this subject re< 
Bolvea itself into this one point, that tlio active cause is sub- 
terranean ; that continents did not arise at once in the form 
they now present, but were, as we have already observed, in* 
creased by degrees by means of numerous oscillatory elevations 
and depressions of the soil, or were formed by the fusion of 
separate smaller continental masses. Their present form is, 
therefore, the result of two causes, which have exercised a con- 
secutive action the one on the other : the first is the expression 
of subterranean force, whoso direction we term accidental, 
owing to our inability to define it, from its removal from with- 
in the sphere of our comprehension, while the second is derived 
from forces acting on the surface, among which volcanic erup- 
tions, the elevation of mountains, and currents of sea water 
play the principal parts. How totally different would be the 
condition of the temperature of the earth, and, consequently, 
of the state of vegetation, husbandry, and human society, if 
the major axis of the New Continent had the same direction 
us that of the Old Continent ; if, fur instance, the Cordilleras, 
instead of having a southern direction, inclined from east to 
west ; if there had been no radiating tropical continent, like 
Africa, to the south of Europe ; and if the Mediterranean 
which was once connected with the Caspian and Red Seas 
and which has become so powerful a means of furthering the 
intercommunication of nations, had never existed, or if it had 
been elevated like the plains of Lombardy and Cyrene ? 

The changes of the reciprocal relations of height between 
the fluid and solid portions of the earth's surface (changes 
which, at the same time, determine the outlines of continents, 
and the greater or lesser submersion of low lands) are to be 
ascribed to numerous unequally working causes. The most 
powerful have incontestably been the force of elastic vapor? 
inclosed in the interior of the earth, the sudden change of tern 
perature of certain dense strata,* the unequal secular loss • 

* De la Deche, Sections trnd Views illustrative of Qeologiecd Phenom^ 
na, 1830, tab. 40; Charles Dubbage, Obseivations on the Temple of 
Serapit at Pozxuolit near Naples, and on certain Causes which may 
produce Geological Cycles of great Extent, 1834. " Ifu stratiiiii offlaniU 
stoiio live inilctt in liiickiiciM sliuuld liavo iu teni)H)raiiiro niit»ed about 
100^, ilA surface would rise tweuty^five feot. Heated bods of cla^ 
would, ou tlio CGUtmry, occasion a sinking of the ground by their con 
Inicliou." Boo Uiscliuf, Wdrmclohrt dcs Innern unseres Erdkoroers, s. 
303, t*4iucoruiiig tho culculations for the secular oluvalion of Sweden, ou 
the su|ij}ositinn itf a rise by so small a quantity as 7^ iu a straUiin of 
aboMi 155,000 foot in thickuois, and lieateid to a slate of fusion. 
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heat oxperienood by tho crust and nucleus of tho earth, ocoa- 
nonind^ ridges in tho solid surfaoo, local modifications of grayi- 
tation,* and, as a conseauonco of those alterations, in tho ourr- 
ature of a portion of the liquid element. Acoordinff to the 
views generally adopted by geognesists in the present day, and 
which are supported by the obsecration of a series of well- 
attested facts, no less than by analogy with the most import- 
ant Yolcanio phenomena, it would appear that tho elevation 
of continents is actual, and not merely apparent or owing to 
the configuration of the upper surface of the sea. The merit 
of having advanced this view belongs to Leopold von Bnch, 
who first made his opinions known to the scientifio world in 
the narrative of his memorable Travels through Norway and 
Sweden in 1806 and l807.t While the wholo coast of 
Sweden and Finland, from Solvitzborg, on the limits of North- 
em Scania, past Gefle to Tomoa, and from Tornea to Abo, 
experiences a gradual rise of lour feet in a century, the south- 
em part of Sweden is, according to Neilson, undergoing a 
simultaneous depression.) The maximum of this elevating 

* The opinion lo implicitl j entortainod regarding the invariability of 
the force of gravity at any given point of Uie eortli's mirfaco, baB in 
tome degree Doen controverted by the gradual rite of larco portions of 
the eartli't torface. See Beiiel, Cr«6er Maa% tciuf Oewtekt, in Scha- 
macher's Jakrlmckfkr 1840, t. 134. 

t Th. ii. (1810), t. 389. See HalUtrOm, in Kongl. Vetetukapi-Ae^ 
demUns Hamliim^ar (Btockh.), 1823, p. 30; Lyell, in tlio Pkilot. T\tms, 
for 1835; Dlom (Amtmann iit Diidakomd), Stat. Bt»ckr, 9on Norwegen, 
1843, t. 89-1 16. If not before Von Dach't travolt tlirooffh Scandinavia, 
at any rate before their publication, Play fair, in 1802, in nis illufftmtiont 
of tho Iliittontan theory, ( 393, and, according to Koilhau {Om Land' 
iordens Stigmnr in Norget in tlie Nft Magaxine fkr Naiurvidenskit' 
leme), and the Dane Jetton, even before the time of Playfiiir, had ex- 
prMted the opinbn that it wat not the tea which wat tinking, bat the 
toUd land of Sweden which wat riting. Their ideat, however, were 
wholly unknown to our great geologitt, and exerted no influence on 
the progrott of phytical geography. Jetton, in hit work, Kongtriget 
Norre JrtnutiUet ijter det§ natmrtige or borgerlige THlttat^, Kjobenn., 
1763, tought to explain the cnutet of too clmngot in the relative levela 
of the land and ten, bating hit viewt on the onrl^ calcolationt of Celtiut^ 
Kalm, and Dalin. He brotchet tome confuted ideat renrding the t>o» 
tibility of an internal growth of rockt, but finally deciaret himtelf in 
iivor of an upheaval of the land by earthooaket, ** although,*' he ob- 
tervet, " no tuch riting wat apparent immediately after the earthquake 
of Bgermund, yet the earthouake may have opened the way for other 
oantet phoducing toch an effect.*' 

I See Berzehut, Jakr§ktrickt aAtr <Ut FortsekriUe der Pkfiitekm 
Wim., No. 18, t. 686. The itlands of Saltholm, oppotite to Copen 
hagen, and DjOnilinlm, however, rise but vnry little — lijemliolm tcarce- 
ly ono fi»nt in a ci^iitiiry Soo Forchhninmf*r, in Pkilot. Magmtimet 3J 
vrriet, vul. ii., p 309 
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foroe appears to Le in the north of Lapland, and to diminish 
gradaally to the south toward Cahnar and Solvitzboig. Lines 
marking the ancient level of the sea in pre-historic times are 
indicated throughout the whole of Norway,* from Cape Lin- 
desn»8 to the extremity of the North Cape, by banks of shells 
identical with those of the present seas, and which have late- 
ly been most accurately examined by Bravais during his long 
winter sojoum at Bosekop. These banks lie nearly 650 feet 
above the present mean level of the sea, and reappear, accord- 
ing to Koilliau and Eugene Robert, in a north-northwest di- 
rection on the coasts of Spitzborgen, opposite the North Cape. 
Leopold von Buch, who was the first to draw attention to the 
high banks of shells at Tromsoe (latitude 69° 40'), has, how- 
ever, shown that the more ancient elevations on the North 
Sea appertain to a difierent class of phenomena, from the 
regular and gradual retrogressive elevations of the Swedish 
shores in the Gulf of Bothnia. This latter phenomenon, which 
is well attested by historical evidence, must not be confound- 
ed with the changes in the level of the soil occasioned by 
earthquakes, as on the shores of Chili and of Cutch, and 
which have recently given occasion to similar observations in 
other countries. It has been found that a perceptible sinking 
resulting from a disturbance of the strata of the upper surface 
sometimes occurs, corresponding with an elevation elsewhere, 
as, for instance, in West Greenland, according to Pingel and 
Graah, in Dalmatia and in Scania. 

Since it is highly probable that the oscillatory movements 
of the soil, and the rising and sinking of the upper surface, 
were more strongly marked in the early periods of our planet 
than at present, we shall be less surprised to find in the inte- 
rior of continents some few portions of the earth's surface ly- 
ing below the general level of existing seas. Instances of this 
kind occur in the soda lakes described by General Andreossy, 
the small bitter lakes in the narrow Isthmus of Suez, the 
Caspian Sea, the Sea of Tiberias, and especially the Dead 
Sea.f The level of the water in the two last-named seas it 

* Keilhan, in Nyt Mag. fir Naturvid., 1832, bd. i., p. 105-254 ; bd. 
ii., p. 57; Bravais, Sur Us Lignet d^aneien Niveau de la Afer, 1843, p 
lS-40. See, also, Darwin, '*on the Parallel Beads of Glen-Roy and 
Lochaber/* in PhUot. Trans, for 1839, p. 60. 

t Humboldt, Asie CentraU, U ii., p. 319-324; t. iii., p. 549-551 
The depression of the Dead Sea has been successively determined by 
the barometrical measurements of Count Bertou, by the more careful 
ones ol Bussogger, and by the trigonometrical survey of Lieutenant Sy- 
inoud, of the ituyal Navy, who atatoa that the difforeuoe of level be> 
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G66 and 1312 feet below tho lovcl of iho Meditominoan. If 
we oould suddenly rcmoTo tho alluvial toil which ooyert tho 
rocky strata in many parts of tho earth's surfaco, wo should 
discover how great a portion of the rocky crust of the earth 
wos then below the present level of the sea. The periodic, 
although irregularly alternating rise and fall of the water of 
the Caspian Sea, of which I have myself observed evident 
traces in the northern portions of its basin, appears to prove,* 
as do also the observations of Darwin on the coral 8eas,f that 
without earthquakes, properly so called, the surface of the 
earth is capable of the same gentle and progressive oscilla- 
tions as those which must have prevailed so generally in the 
earliest ages, when the surface of the hardening crust of tho 
earth was less compact than at present. 

The phenomena to which we would here direct attention 
remind us of the instability of the present order of things, and 
of the changes to which the outlines and configuration of con- 
tinents are probably still subject at long intervals of time. 
That which may scarcely be perceptible in one generation, 
aocumulates during periods of time, whose duration is revealed 
to us by the movement of remote heavenly bodies. The east* 
em coast of the Scandinavian peninsula has probably risen 

tween the turface of the Dead Boa and the highest hoiucs of Jaffa it 
about 1605 feet. Mr. Aldoraon, who communicated thia roault to the 
Geographical Society of London in a letter, of tho content* of which 1 
was inforraod by my friond, Captain Wathmffton, was of opinion (Not. 
28, 1841) that the Deoil Sea lay about UOO loot under the level of the 
Mediterranean. A more recent communication of Lieutenant By mood 
(Jameson's Edinburgh New PkUo^opkieal Jcmmai, toI. xxxir., 1843, p. 
178) gives 1312 foot as the final result of two rery accordant trigono 
metrical operations. 

^^ * Sur la MohilUi du fond ds la Mer Cajmsmie, in my Atis CmUr.^ t 
H., p. 283-294. The Imperial Academr of Sciences of 8L Petersburgh, 
in 1830, at m^ reauest, charged the learned phrsicist Lenz to place 
marks indicatmg tiie mean level of the sea, for cfefinite epochs, in dif- 
ferent pUicos near Uakn, in tlie peninsula uf Abschoron. In the same 
manner, in an appendix to tho instruciioiis given to Captain (now Sir 
James 0.) Ross for his Antarctic expedition, I urged the necessity of 
causing marks to be cut in the rocas of the soutnom hemispliere, as 
bad already been done in Sweden and on the shores of tlie Caspian 
Sea. Had this measure been adonted in the early voyages of Bougain- 
Yille and Cook, we should now know whether the secular relative 
changes in the level of the seas and land are to be considered as a gen* 
oral, or merely a local natural phenomenon, and whether a law of di 
recUon can be recognized in the points which have simultaneous el#> 
vation or deprension. 

t On tlio elevation and depression of tlio bottom of the South Sea, 
and the different areas of alternate movements, see Darwtn*t Jcwmml^ 
p. M7, 561-568. 

N2 
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about 320 foet in tho space of 8000 years; and in 12,000 
years, if the movement be regular, parts of the bottom of the 
sea which lie nearest the shores, and are in tho present day 
covered by nearly fifty fathoms of water, will come to the 
surface and constitute dry land. But what are such intervals 
of time compared to the length of the geognostio periods re- 
vealed to us in the stratified series of formations, and in the 
world of extinct and varying organisms ! We have hitherto 
only considered the phenomena of elevation ; but the analo- 
gies of observed facts load us with equal justice to assume the 
|K>ssibilily of tho duprossion of wholu tracts of land. Tho 
mean elevation of the non-mountaiuous parts of Franco 
amounts to less than 480 feet. It would not, therefore, re- 
quire any long period of time, compared with the old geog- 
nostio periods, in which such great changes were brought 
about in the interior of tho earth, to eflcot the permanent 
Bubmersiou of the northwestern part of Europe, and iuduco 
essential alterations in its littoral relations. 

The depression and elevation of tho solid or fluid parts of 
the earth — phonoinuna which are so op|)osito in their action, 
tiiat the efluct.of elevation in one part is to produce an appar- 
ent depression in another — are the causes of all the changes 
which occur in the configuration of continents. In a work of 
this general character, and in an impaitial exposition of the 
phenomena of nature, we must not overlook the possibility 
of a diminution of the quantity of water, and a constant de- 
pression of the level of seas. There can scarcely be a doubt 
that, at the period when the temperature of the surface of the 
earth was higher, when the waters were inclosed in larger 
and deeper fissures, and when the atmosphere possessed a to- 
tally diilerent character from what it does at present, great 
changes must have occurred in the level of seas, depending 
upon the increase and decrease of the liquid parts of tho 
earth's surface. But in the actual condition of our planet, 
there is no direct evidence of a real continuous increase or de- 
crease of the sea, and wo have no proof of any gradual change 
in its level at certain definite points of observation, as indi- 
cated by the mean range of the barometer. According to ex- 
periments made by Daussy and Antonio Nobile, an increase 
in the height of the barometer would in itself be attended by 
a depression in tho level of the sea. But as the mean presa- 
ure of the atmosphere at the level of the sea is not the same 
at all latitudes, owing to meteorological causes depending upon 
the direction of the wind and varying degrees of moisture, the 



rilTSIOAL GEOGRAPIIT. 300 

oarometer alone can not aflbrd a certain evidence of the gen- 
3ral change of level in the ocean. The remarkable fact that 
•omo of the ports in the Mediterranean were repeatedly loft 
* dry during several hours at the beginning of this century, ap- 
pears to show that currents may, bv changes occurring m 
their direction and force, occasion a local retreat of the sea, 
and a permanent drying of a small portion of the shore, with- 
out being followed by any actual diminution of water, or any 
permanent depression of the ocean. We must, however, be 
very cautious m applying the knowledge which we have late* 
ly arrived at, reganiing these involved phenomena, since we 
might otherwise be led to ascribe to water, as the older ele- 
ment, what ought to be referred to the two other elements, 
earth and air. 

As tho external configuration of continents, which wo have 
already described in their horizontal expansion, exercises, by 
their variously-indented littoral outlines, a favorable influence 
on climate, trade, and the progress of civilization, so likewise 
does their internal articulation, or the vertical elevation of 
the soil ^chains of mountains and elevated plateaux), give rise 
to equally important results. Whatever produces a poly- 
morpnio diversity of forms on the surface of our planetary 
habitation — such as mountains, lakes, grassy savannas, or 
even deserts encircled by a band of forests — ^impresses some 
peculiar character on the social condition of the inhabitants, 
llidgcs of high land covered by snow imiicdo intercourse ; but 
a blending of low, discontinued mountam chains* and tracts 
of vallevs, as wo soe so happily presented in the west and 
south of^Europo, tends to tho multiplication of meteorological 
processes and the products of veffetation, and, from the variety 
manifested in diflcrent kinds oi cultivation in each district, 
even under tho same degree of latitude, gives rise to wants 
that stimulate tho activity of tho inhabitants. Thus tho aw- 
ful revolutions, during which, by the action of tho interior on 
tho crust of the earth, great mountain chains havo been ele- 
vated by the sudden uphoaval of a portion of tho oxydizod 
exterior of our planet, have served, aAcr tho establishmont 
of repose, and on the revival of organic life, to furnish s rich- 
er and more beautiful variety of individual forms, and in a 
great measure to remove from the earth that aspect of dreary 

* Humboldt, /?•/. //if/., t. iii., p. 332-234. Soe, alto, tho able re^ 
marks on the conriguration of tlie earth, and tlie notition of ita Uiiea 
of elevation, in Albrechta von Roon, OrundzUg^n aer Erd VMtr mmd 
BimmimkMmd€, Abth. l, 1837, t. 158, 270, 276. 
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uuMbrmity "which oxorciscs bo impoverishing an influence on 
the physical and intellectual powers of mankind. 

According to the grand views of Elie de Beaumont, we 
must ascribe a relative age to each system of mountain chains* 
on the supposition that their elevation must necessarily have 
occurred between the period of the deposition of the vertical- 
ly elevated strata and that of the horizontally inclined strata 
running at the base of the mountains. The ridges of the 
Earth's crust — elevations of strata which are of the same ge* 
ognostic age— appear, moreover, to follow one common direc- 
tion. The lino uf strike of the horizontal strata is not always 
parallel with tlio axis of the chain, but intersects it, so that, 
according to my views, t the phenomenon of elevation of the 
strata, which is even found to be repeated in the neighboring 
plains, must be more ancient than the elevation of the chain. 
The main direction of the whole continent of Europe (from 
southwest to northeast) is opposite to that of the great fissures 
which pass from northwest to southeast, from the mouths of 
the Rhme and Elbe, through the Adriatic and Red Seas, and 
through the mountain system of Putsch i-Koh in Luristan, to- 
ward the Persian Gulf and the Indian Ocean. This almost 
rectangular intersection of geodesic lines exercises an import- 
ant influence on the commercial relations of Europe, Asia, 
and the northwest of Africa, and on the progress of civilization 
on the formerly more flourishing shores of the Mediterranean.! 

Since grand and lofty mountain chains so strongly excite 
our imagination by the evidence they aflbrd of great terres- 
trial revolutions, and when considered as the boundaries of 
climates, as lines of separation for waters, or as the site of a 
diflbrent form of vegetation, it is the more necessary to de- 
monstrate, by a correct numerical estimation of their volume, 
how small is the quantity of their elevated mass when com- 
pared with the area of the adjacent continents. The mass 
of the Pyrenees, for instance, the mean elevation of whoso 
suinmits, and the areal quantity oC whose base have been as- 
certained by accurate measurements, would, if scattered over 

* Lcop. von Duch, Udter die QeognottUckenSytUme von Deuisehland, 
iu hill Qcogn. Briefer an Alexander von Humboldlt 1824, i. 2G5-271; 
Klie de peaumont, Reckereket tur U$ Rivolulknu de la Surface du Qlobe, 
1829, p. 297-307. 

t Mumboldt, Aeie Centrales t. i., p. 277-283. See, also, my Etun 
nor le OUemaU dee Rochet, 1822, p. 57, and ReUU. HitL, t. iii., p. 
844-250. 

t Aiie Centrale, t. i., p. 284, 286. The Adriatio Sea likewUe fullowi 
a direction from 8.E. to N.W. 
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Uw taiface of France, oidy raise its mean level about 115 
feet The mom of iho eastern and western Alps would in 
like manner only increase the height of Europe about 21 1 
feet above its present level. I have found by a laborious in- 
vestigation,* which, from its nature, can only give a maximum 
limit, that the center of gravitv of the volume of the land 
raised above the present level of the sea in Europe and North 
America is respectively situated at an elevation of G71 and 
748 feet, while it is at 1132 and 1162 feet in Asia and South 
America. These numbers show tlie low level of northern 
r^ons. In Asia the vast steppes of Siberia are compensated 
(or by the great elevations of the land (between the Himalaya, 
the North Thibetian chain of Kuen-lun, and the Celestial 
MounUins), from 28^ 30' to 40^ north latitude. We may, 
to a certain extent, trace in these numbers the portions of the 
Earth in which the Plutonic forces were most intensely mani- 
iested in the interior by the upheaval of continental masses. 

There are no reasons why these Plutonic forces may not, 
in future ages, add new mountain systems to those which EUie 
de Beaumont has shown to be of such difierent ages, and in- 
clined in such different directions. Why should the crust of 
the Earth have lost its property of being elevated in ridges ? 
The recently-elevated mountain systems of the Alps ana the 
Cordilleras exhibit in Mont Blanc and Monte Rosa, in Sorata, 
lUimani, and Chimborazo, colossal elevations which do not 
favor the assumption of a decrease in the intcnsitv of the sub- 
terranean forces. All geognostio phenomena indicate the 
periodic alternation of activity aim repose ;f but the quiet 
we now enjoy is only apparent. The tremblings which still 
agitate the surface under all latitudes, and in every species of 
rock, the elevation of Sweden, the appearance of new islands 
of eruption, are all conclusive as to tno unquiet condition of 
our planet. 

* Dt la katUeur Moyenne de» Conlinenis, in my Atie CeninUe, t i., p 
8S'-00, IGS-ISO. Tbo rc«o1U which I have obtnitiod nro to ho rocnrd- 
0d M the extreme value {womhrtk4imiU$). Laplace's eetiroate of the 
mean height of contiDenta at 3280 feet is at leaot three tiinea too high. 
The immortal author of the Mieaniqne CeltsU (t. ▼., p. H) woe led to 

dcptli of tin 



thta oonclofion by hypothoticol views as to the mean depth of tlie 
I have shown {AtU Cenir., i. i., n. 93) that the old Alexandrian math- 
ematicians, on the testimony of Plutarch {in jSmiiio Pauio, cap. 15), 
belioyed this depth to depend on the height of the mountains. TfaKB 
height of Uio center of Eravity of the yolume of the continental maa 
k probably subject to slight variations in the course of many centuri 

t Zweiter Oeologucker Br^f 9on EUt de Beaumumt am AUxmnder 
Bmmboldt, in Poggendorf^ Anmaien, bd. xjlt., a. 1*M. 
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The two onvolopos of tlio solid surfaco of our planet-^the 
liquid and tlio aeriform— exhibit, owing to the mobility of 
their partioles, their currents, and their atmospheric relations, 
many analogies combined with the contrasU which arise from 
the great difierence in the condition of their aggregation and 
elasticity. The depths of ocean and of air are alike unknown 
to us. At some few places under the tropics no bottom has 
been found with soundings of 276,000 feet (or more than four 
miles), while in the air, if, according to Wollaston, we may 
assume that it has a limit from "which waves of sound may 
bo reverberated, tho phenomenon of twilight would incline 
us to assume a height at least nino times as groat.* The 
aerial ocean rests partly on the solid earth, whose. mountain 
chains and elevated plateaux rise, as we have already seen, 
like green wooded shoals, and partly on the sea, whose surface 
forms a moving base, on which rest the lower, denser, and 
more saturated strata of air. 

Proceeding upward and downward from the common limit of 
the aerial and liquid oceanS) we find that the strata of air 
and water are subject to determinate laws of decrease of tern* 
perature. This decrease is much less rapid in the air than 
m the sea, which has a tendency under all latitudes to main- 
tain its temperature in the strata of water most contiguous to 
the atmosphere, owing to the sinking of the heavier and more 
cooled particles. A large series of the most carefully con- 
ducted observations on temperature shows us that in the or- 
dinary and mean condition of its surface, the ocean from the 
equator to the forty-eighth degree of north and south latitude 
is somewhat warmer than the adjacent strata of air.f Owing 
to this decrease of temperature at increasing depths, fishes and 
other inhabitants of the sea, the nature of whose digestive and 
respiratory organs fits them for living in deep water, may even, 
under the tropics, (iiid the low degree of temperature and the 
coolness of climate characteristic of more temperate and more 
northern latitudes. This circumstance, which is analogous 
to the prevalence of a mild and even cold air on the elevated 
plains of the torrid zone, exercises a special iufluence on the 
migration and geographical distribution of many marine ani- 
mals. Moreover, the depths at which fishes live, modify, by 
the increase of pressure, their cutaneous respiration, and the 

* [See Wilson's Paper, On WoUtuton*$ Argument from the Limitation 
§/the Atmosphere a§ to the finite Divinbility of Matter. — Tram, of the 
Royal Society of Edinb., vol. xvi., )). 1, 1845.]— Tr. 

t Humboldt, Relation Hiit,, U iii., chap, zxiz., p. SU-630. 
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oxjTgenous and nitrogenous contonU of thoir Bwimming blad- 
dots. 

Ab firesh and Bait water do not attain the maximum of 
their density at the same degree of temperature, and as the 
saltness of the sea lowers the thermometrioal degree corre- 
sponding to this point, we can understand how the watei 
drawn (rom great depths of the sea during the voyages of 
Kotzebue and Dupetit-Thouars could have been found to have 
only the temperature of 37° and 36'''5. This icy temperature 
of sea water, which is likewise manifested at the depths of 
tropical seas, first led to a study of the lower polar oiirronts, 
which move from both poles toward the equator. Without 
these submarine currents, the tropical seas at those depths 
could only have a temperature equal to the local maximum 
of cold possessed by the falling particles of water at the radi- 
ating and cooled surface of the tropical sea. In the Mediter- 
ranean, the cause of the absence of such a refrigeration of the 
lower strata is ingeniously explained by Arago, on the as- 
sumption that the entrance of the deeper polar currents into 
the Straits of Gibraltar, where the water at the surface flows 
in from the Atlantic Ocean from west to east, is hindered by 
the submarine counter-currents which movo from east to 
west, from the Mediterranean into the Atlantic. 

The ocean, which acts as a general equalizer and moder- 
ator of climates, exhibits a most remarkable uniformity and 
constancy of temperature, especially between 10° north and 
10° south latitude,* over spaces of many thousands of square 
miles, at a distance from land where it is not penetrated by 
currents of cold and heated water. It has, therefore, been 
justly observed, that an exact and long-continued investiga- 
tion of these thermic relations of the tropical seas might most 
easily aflbrd a solution to the great and much-contested prob^ 
lem of the permanence of climates and terrestrial tempera 
iuros.f Groat changes in the luminous disk of the sun would, 

* Bee the terio* of obtenratiotit made by mo in the South 8e«, froa 
QO 5' to 13<' 16' N. laL, in my Am4 CentraU, t. iii., p. 334. 

I " We might (by mean* of the temperature of the ocean under tlie 
tropica) enter into Uie conaideration of a question which haa hitherto 
remftined unanawered. namelj, that of the constancy of terreatrial tem 
pemtnret, without taking into account the yery circumaoribed local 
mfloencea ariting from the diminution of wood in the phuna and on 
noontainfl, and Uie drying op of lakea and marthea. Each age might 
eaaily transmit to the succeeuing one aome few data, which would per> 
iMpa furnish the moat simple, exact, and direct means of deciding wbeto* 
m the sun, which ia almoel Uo solo aiid ezduaiTe aoaroe of the bemt of 
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if they "were of long duration, be reflected with more certainty 
in the mean temperature of the sea than in that of the solid 
land. 

The zones, at which occur the maxima of the oceanic tem- 
perature and of the density (the saline contents) of its waters, 
do not correspond with the equator. Tho two maxima are 
separated from ono another, and tho waters of the highest tem- 
perature appear to form two nearly parallel lines north and 
south of the geographical equator. Louz, in his voyage of 
circumnavigation, found in the Pacific tho maxima of density 
iu 22° north and 17° south latitude, while its minimum was 
situated a few degrees to the south of the equator. In the 
region of cairns the solar heat can exercise but little influence 
on evaporation, because the stratum of air impregnated with 
saline aqueous vapor, which rests on the surface of the sea, 
remains still and unchanged. 

The surface of all connected seas must be considered as 
having a general perfectly equal level with respect to theiz 
mean elevation. Local causes (probably prevailing winds and 
currents) may, however, produce permanent, although trifling 
changes in the level of some deeply-indented bays, as, for in- 
stance, the Red Sea. The highest level of the water at the 
Isthmus of Suez is at diflbrent hours of the day from 24 to 
30 feet above that of the Mediterranean. The form of the 
Straits of Bab-el-Mandeb, through which the waters appear 
to find an easier ingress than egress, seems to contribute to 
this remarkable phenomenon, which was known to the an- 
cients.* The admirable geodetic operations of CoraboQuf and 
Delcrois show that no perceptible diflerenco of level exists be- 
tween tho upper surfaces of tho Atlantic and tho Moditerra^ 
nean, along the chain of tho Pyrenees, or between tho coasts 
of northern Holland and Marseilles.t 

our planot, cbangot ita physical constitution and tplondor, like the great 
er iiuinbur of llio stuni, or whether, on tho contrary, that luminury has 
attuinod to u pornmiiont condition." — Arugo, iu the CompUt Kendus 
de* Siancci de I* Acad, des Sciencet, t xi., Part ii., p. 309. 

* ihuuboldt, Atie Centrale, L ii., p. 321, 327. 

t Boe the numerical results in p. 328-333 of the volume just named. 
From the geodesical levelings which, at my request, my friend General 
Bolivar caused to be taken by Llovd and Palmare, in the years 1828 
and 1829, it was ascertained that the level of the Pacific is at the ut- 
most 3i feet higher than that of the Oaribbean Sea; and even that at 
different hours of the day each of tl)e seas is iu turn the higher, accord- 
ing to their respective hours of flood and ebb. If we reflect that in m 
distance of 64 miles, comprising 933 stations of observation, an error of 
three feet would bo very apt to occur, wo may say that iu those new 
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Disturbaneos of equilibrium and conaoqucut movementi of 
the watcni are partly irregular and transitory, dependent upon 
winds, and producing waves which sometimes, at a distance 
from the shore and during a storm, rise to a height of more 
than 35 feet ; partly regular and periodic, occasioned by the 
position and attraction of the sun and moon, as the ebb and 
flow of the tides ; and partly permanent, although less in • 
tense, occurring as oceanic currents. The phenomena of 
tides, which prevail in all seas (with the exception of the 
smaller ones that are completely closed in, and where the ebb- 
ing and flowing waves are scarcely or not at all perceptible), 
have been perfectly explained by the Newtonian doctrine, 
and thus brought ** within the domain of necessary facts." 
Eaeh of these periodically-recurring oscillations of the waters 
of the sea has a duration of somewhat more than half a day. 
Although in the open nca thev scaroelv attain an elevation of 
a few feet, they often rise considerably higher where the waves 
are opposed by the configuration of the shores, as, for instance, 
at St. Male and in Nova Scotia, where they reach the re- 
spective elevations of 60 feet, and of 66 to 70 feet. '* It has 
been shown by the analysis of the groat geometrician La- 
place, that, supposing the depth to be wholly inconsiderable 
when compared with the radius of the earth, the stability of 
the equilibrium of the sea requires that the density of its fluid 
should be less than that of the earth ; and, as we have already 
seen, the earth's density is in fact Ave times greater than 
that of water. The elevated parts of the land can not there- 
fore be overflowed, nor can the remains of marine animals 
fiiund oil the summits of mountains have been conveyed to 
thoee localities by any previous high tides."* It is no slight 

operatioiit we have further confirmation of the equilibriam of the wa- 
ten which comnianicato round Onpe Horn. (Araco, in tho Ammnairt 
du Burtan (U$ Longiludfi pour 1 83 1, p. 319.^ I liml inferred, from 
bftromotrical obeorvntioiui infttitutcd in 1709 ami 1804, that if thoro wrro 
any diflbronoo between the IotoI of the rncilic and the Atlantic (Oa- 
riblMMUi 8ea^, it could not exceed three metom (nine feet thitjo inches). 
S«e my RtuU. HULt t. iii., p. 555-&57, and Anmalet de ChimUt t. i.. 
p. ft5-4l4. The niea«irenient«, which appear ti> oaUiblisli an oxoom uf 
lieigbt lor the watora of the Gulf of Mexico, and for those of the north- 
ern part of the Adriatic Sea, obtained by combining the trigonometrical 
opcrattona of Delcroia and Choppin with tboao of tho Switt and Aua- 
tnan engineers, are open to inanr doubts. Notwitlistaoding tlie form 
of the Adriatic, it is improbable that the leyel of its watrrs in its north- 
•m portion should be 28 feot higher titan tlint of tJie Motlitormncan at 
Marseilles, and 35 foot higher than the level of tlie Atlantic Ocean. 
Be* ray Am9 CtmiraU, t. ii., p. 333. 
* BaneU Uther Fluik mnd EUe, in SchnmMrber's.Mr^Mi, lt38, t. 885 
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evidenco of the importance of analysis, which is too often ro» 
garded with contempt among the unscientific, that Laphu)e's 
perfect theory of tides has cnahled us, in our astronomical 
ephemerides, to predict the height of spring-tides at the peri- 
ods of new and full moon, and thus put the inhabitants of the 
sea-shore on their guard against the increased danger attend - 
ng these lunar revolutions. 

Oceanic currents, which exercise so important an influence 
on the intercourse of nations and on the climatic relations of 
adjacent coasts, depend conjointly upon various causes, difller- 
ing alike in nature and importance. Among these we may 
reckon the periods at which tides occur in their progress round 
the earth ; the duration and intensity of prevailing winds ; 
the modifications of density and specific gravity which the par^ 
tides of water undergo in consequence of diflerences in the 
temperature and in the relative quantity of saline contents at 
diiiurent latitudes and depths ;* and, lastly, the horary varia- 
tions of the atmospheric pressure, successively propagated from 
cast to west, and occurring with such regularity in the trop- 
ics. These currents present a remarkable spectacle ; like riv- 
ers of uniform breadth, they cross the sea in diflerent direc- 
tions, while the adjacent strata of water, which remain un- 
disturbed, form, as it were, the banks of these moving streams. 
This diflerence between the moving waters and those at rest 
is most strikingly manifested where long lines of sea-weed, 
borne onward by the current, enable us to estimate its veloc- 
ity. In the lower strata of the atmosphere, we may some- 
times, during a storm, observe similar phenomena in the lim- 
ited aerial current, which is indicated by a narrow line of 
trees, which are often found to be overthrown in the midst of 
a dense wood. 

The general movement of the sea from east to west be- 

* Tho rolativo donsity of the particles of water doponda aimultane- 
oiuly oil tlio toinporaturo and on ibe amount of tho salino content*— a 
circumstance that is not sufficiently borne in mind in considering the 
cause of currents. The submarine current, which brings the cold po* 
lor water to the equatorial regions, would follow on exactly opposite 
course, that is to say, from the equator toward the poles, if the aitiRsr- 
ence in saline contents were alone concerned. In tnis view, the geo- 
graphical distribution of temperature and of density in the water of 
the ocean, under the different zones of latitude and longitude, is of 
great importance. The numerous observations of Lenz (roggendorTs 
AnnaUn. bd. xx., 1830, s. 129), and those of Captain Beeche^, collect- 
ed in his Voyare to the aeijie, vol. ii., p. 727, deserve partiouUir at- 
tention. See llumboldt, ReUU. Hisi,i t. i., p. 74, and Am CaUraU, 
t iii., p. 356. 
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twoen the tropics (tcnnod tho equatorial or rotation current) 
b oonftidered to bo owing to tho propagation ol' tides and to 
the trade winds, [ts direction is changed by the resistance 
it experiences from the prominent eastern shores of continenta. 
The results recently obtained by Daussy regarding the ve]oo 
ity of this current, estimated from observations made on the 
distances traversed by bottles that had purposely been thrown 
into the sea, agrco within one eighteenth with tho velocity of 
motion (10 French nautical miles, 952 toises each, in 24 hours) 
which I had found from a comparison with earlier experi- 
ments.* Christoplicr Columbus, during his third voyage, 
when he was seeking to enter the tropics in tho meridian of 
Tenerifle, wrote in his journal as follows :f ** I regard it as 

S roved that the waters of the sea move from east to west, as 
o the heavens {las agu€is van am los cielos), that is to say, 
like the apparent motion of the sun, moon, and stars." 

The narrow currents, or true oceanic rivers which traverse 
the sea, brine warm water into higher and cold water into 
lower latitudes. To the first class belongs the celebrated 
Gulf Stream.l which was known to Anghiera,f and more 
especially to Sir Humphrey Gilbert in the sixteenth century. 
Its first impulse and origin is to be sought to the south of 
the Cape of Good Hope ; ai\er a long circuit it pours itself 
from tlio Caribbean Sea and the Mexican Gulf through the 
Straits of the Bahamas, and, following a courso from soutli* 
southwest to north-northeast, continues to recede from the 
shores of the United States, until, further deflected to the 
eastward by the Banks of Newfoundland, it approaches tho 
European coasts, frequently throwing a quantity of tropical 
seeds {Mimosa scand^ns, GuUandina banduc, Dolichos urens) 
on the shores of Ireland, the Hebrides, and Norway. The 
northeastern prolongation tends to mitigate tho cold of the 
ooean, and to anicliorato the climate on the most northern ex- 
iiemity of Scandinavia. At the point wlicro the Gulf Stream 

* Hamboldt, Relai. Hisi., t i., p. 64 : NonvtUet An%aU$ dtt Vofagm, 
1839, p. 255. 

t Humboldt, Examtn Crit. 4m PHiat. ds la 04crr., t. iii., p. 100. 
Colambat adds ihortlr after (NsTarrete, CoUccion it lot Viagtt y D^ 
temhrimUnios de los EtpancUtt U i., p. 260), that the movement ii 
atftmgeat in the Caribbean Sea. In fact, Rennell terms tbU region, 
" not a current, but a tea in motion** (Inwttii ration of Curremtt, p. 23). 

I Uamboldt, ExamtH Critique, L li., p. 250; Rtlat, Hist., t. t, p. 
66-74. 

f Petmt Martyr de Anghiera, D* Reims Octanicis st Orbs No9a, 
Bas., 1.521, Dec. lii., lib. vi., p. 57. 8«w Humboldt, Exaw^tn Critique 
1. 1^, p. 2.'»4-257, and L iii., p. 108- 
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is dofleoted from the Banks of Newfoundland towaid the eait* 
it sends off branches to the south near the Azores.* This is 
the situation of the Sargasso Sea, or that great bank of weeds 
which so vividly occupied the imagination of Christopher Co- 
lumbus, and which Oviedo calls the sea-weed meadows (Pra- 
derias de yerva). A host of small marine animals inhabits 
these gently-moved and evergreen masses of Pucus naUtnSi 
ono of the most generally distributed of the social plants of 
the sea. 

The counterpart of this current (which in the Atlantic 
Ocean, between Africa, America, and Europe, belongs almost 
exclusively to the northern hemisphere) is to be found in the 
South Pacific, where a current prevails, the eflect of whose low 
temperature on the climate of the adjacent shores I had an 
opportunity of observing in the autumn of 1802. It brings 
the cold waters of the high southern latitudes to the coast of 
Chili, follows the shores of this continent and of Peru, first from 
south to north, and is then dofleoted from the Bay of Arioa on- 
ward from soulh-Houtliuust to north-northwest. At certain 
seasons of the year the teni|)oraturo of this cold oceanic cur- 
rent is, in the tropics, only 60^, while the undisturbed adjacent 
water exhibits a temperature of 8l^'5 and 83^*7. On that 
part of the shore of South America south of Payta, which in- 
clines furthest westward, the current is suddenly deflected in 
the same direction from the shore, turning so sharply to the 
west that a ship sailing northward passes suddenly from cold 
into warm water. 

It is not known to what depth cold and warm oceanic cur- 
rents propagate their motion ; but the deflection experienced 
by the South African current, from the LaguUas Bank, which 
is fully from 70 to 80 fathoms deep, would seem to imply the 
existence of a far-extending propagation. Sand banks and 
shoals lying beyond the lino of these currents may, as was first 
discovered by the admirable Benjamin FrankHn, be recognized 
by the coldness of the water over them. This depression of 
the temi)crature appears to mo to depend upon the fact that, 
by the propagation of the motion of the sea, deep waters rise 
to the margin of the banks and mix with the upper strata. 
My lamented friend, Sir Humphrey Davy, ascribed this phe- 
nomenon (the knowledge of which is often of great practical 
utihty in securing the safety of the navigator) to the descent 
of the particles of water tlmt had been cooled by nocturnal n^ 

* Hamboldt, Exatmm Crii., v. iii., p. 64-109 
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dUtion, and which remain nearer to the surface, owing to the 
hinderance placed in the way of their greater descent by the 
iutenreation of sand-banks. By his observations Franklin may 
be said to have converted the thermometer into a sounding 
lino. Misls are frequently found to rest over these depths, ow- 
ing to the condensation of the vapor of the atmosphere by the 
cooled waters. I have seen such mists in the south of Jamai- 
ca, and also in the Pacific, defining with sharpness and clear* 
nees the form of the shoals below them, appearing to the eye 
as the aerial reflection of the bottom of the sea. A still more 
striking oflect of the cooling produced by shoals is manifested 
in the higher strata of air, in a somewhat analogous manner 
to that observed in the case of flat ooral reefs, or sand islands. 
In the open sea, far from the land, and when the air is calm, 
clouds are oflen observed to rest over the spots where shoals 
are situated, and their bearing may then be taken by the com- 
pass in the same manner as that of a high mountain or isola- 
ted peak. 

Although the surface of the ocean is less rich in living forms 
than that of continents, it is not improbable that, on a further 
investigation of its depths, its interior may be found to possess 
a greater richness of organic life than any other portion of our 
planet. Charles Darwin, in the agreeable narrative of his ex- 
tensive voyages, justly remarks that our forests do not conceal 
•0 many animals as the low woody regions of the ocean, wlioro 
tlio sea-wood, routed to the bottom of the shoals, and the sov 
erod branches of itici, loosened by the force of the waves and 
currents, and swimming free, unfold their delicate foliage, up- 
borne by air-cells.* The application of the microscope increas- 
es, in the most striking manner, our impression of the rich lux- 
uriance of animal life in the ocean, and reveals to the aston- 
uhed senses a consciousness of the universality of life. In the 
oceanic depths, far exceeding the height of our loftiest mount- 
ain chains, every stratum of watur is animated with polygas- 
tric sea-worms, Cyclidia), and Ophrydinn. The waters swarm 
with countless hosts of small luminiferous animalcules, Mam- 
roana(of the order of Acalephs), Crustacea, Peridinea, and cir- 
cling Nereides, which, when attracted to the surface by peculiar 
meteorological conditions, convert every wave into a foaming 
band of flashing light. 

* rSee Sirudnre and Dittrihmiiim of Coral JUtf^, by Obmiiei Darwin, 
London, 1842. Alio, NarrtUipt of ike Surveying Vofar§ of H»MM, 
** Fly:' im the EoMtm ArckipeUro, dmrimg tkt Yean 1842-1846, by J 
B. Jnkot, Natiualiat to ttie ezpodilkm, 1847.]— TV. 
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The abundance of these marine animalcules, and the animai 
matter yielded by their rapid decomposition, are so vast that 
the sea water itself becomes a nutrient fluid to many of the 
larger animals. However much tliis richness in animated 
forms, and this multitude of the most various and highly-d&> 
veloped microscopic organisms may agreeably excite the fancy, 
the imagination is even more seriously, and, I might say, more 
solemnly moved by the impression of boundlessness and im- 
measurability, which are presented to the mind by every sea 
voyage. All who possess an ordinary degree of mental activi- 
ty, and delight to create to themselves an inner world of 
thought, must be penetrated with the sublime image of the 
infinite when gazing around them on the vast and boundless 
sea, when involuntarily the glance is attracted to the distant 
horizon, where air and water blend together, and the stars con* 
tinually rise and set before the eyes of the mariner. This con- 
templation of the eternal play of the elements is clouded, like 
every human joy, by a touch of sadness and of longing. 

A peculiar predilection for the sea, and a grateful remem- 
brance of the impression which it has excited in my mind, when 
I have seen it in the tropics in the cahn of nocturnal rest, or 
in the fury of the tempest, have alone induced me to speak of 
the individual enjoyment afibrded by its aspect before I en- 
tered upon the consideration of the favorable influence which 
the proximity of the ocean has incontrovertibly exercised on 
the cultivation of the intellect and character of many nations, 
by the multiplication of those bands which ought to encircle 
the whole of humanity, by aflbrding additional means of arriv- 
ing at a knowledge of the configuration of the earth, and fur- 
thering the advancement of astronomy, and of all other math- 
ematical and physical sciences. A portion of this influence 
was at flrst limited to the Mediterranean and the shores of 
southwestern Africa, but from the sixteenth century it has 
widely spread, extending to nations who live at a distance 
from the sea, in the interior of continents. Since Columbus 
was sent to " unchain the ocean"* (as the unknown voice 
whispered to him in a dream when he lay on a sick-bed near 

* The voice addreaied him ia these wurdt, " Maravil1o«ameiite Diot 
hizo sonar tu noinbre eu la tierra ; de los ataniientos de la mar Oceana, 
quo estaban cerradot con cadenas tan fuertes, te di6 lat Haves" — " God 
will cause thy name to be wouderfully resounded through the earth, 
and give thee the keys of the gates of the ocean, which are closed with 
strong chuins." The drouin oT Ooluuibiis is relato«l in tho lutt4*r to tlie 
Ottthilio nionurchs of July tho 7th, 1503. (iluioboldt, Examea CriUqw€. 
Urn. i>.23i.) 
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tha River Belem), man has aver boldly yentured onward to- 
wanl iho discovery of unknown regions. 

Tho second external and general covering of our planet, the 
aerial ocean, in the lower strata, and on the shoals of which 
we live, presents six classes of natural phenomena, which man« 
ifest the most intimate connection with one another. They 
are dependent on the chemical composition of the atmosphere, 
the variations in its transparency, polarization, and color, its 
density orpressure, its temperature and humidity, and its elec- 
tricity. The air contains m oxygen the first element of phys- 
ical animal life, and, besides this benefit, it possesses another, 
which may be said to be of a nearly equally high character, 
namely, that of conveying sound ; a faculty by which it like- 
wise becomes the conveyer of speech and the means of com- 
municating thought, and, consequently, of maintaining social 
intercourse. If the Earth were deprived of an atmosphere, as 
we suppose our moon to be, it would present itself to our im- 
agination as a soundless desert. 

The relative quantities of the substances composing the 
strata of air accessible to us have, since the beginning of the 
nineteenth century, become the object of investigations, in 
which Gay-Lussac and myself have taken an active part ; it 
is, however, only very recently that the admirable labors of 
Dumas and Boussingault have, by new and more accurate 
methods, brought the chemical analysis of tho atmosphere to 
a high degree of perfection. According to this analysis, a 
volume of dry air contains 20*8 of oxygen and 79*2 of nitro- 
gen, besides from two to five thousandth parts of carbonic 
aoid gas, a still smaller quantity of carbureted hydrogen gas,* 
and, according to the important experiments of Saussure and 
Liebig, traces of ammomacal vapors,t from which plants de- 
rive their nitrogenous contents. Some observations of Lewy 
render it probable that the quantity of oxygen varies pcrcep- 

* DouMtngaalt, Reekertket twr la Compoiiium de VAtnufpkirt, in Uio 
AnnaU$ tU CkimU H de Pkytique, t Wii., 1834, p. 17 1>I7:I ; atid Ixii. 
1839, p. 116. Accorxiing to BouMingmuU and Lewry, Uie proportion of 
carbonk) acid in the atmoapbero at Audilly, at a diatanco, Uierefore, rmm 
the exhalatioDa of a citj, varied onlj between 00028 and 0*00031 in 
▼olanie. 

t Liebig. in his important work« entitled Dm OrganUcke Cktmit in 
ikt^tr Anwendmng auj AgricuUur und PkytMogit^ 1840, •. 62-72. On 
the infloence of atmoapherio electricity in the production of nitrate of 
amiDonia, which, coining into contact with carbonate of lime, ia changed 
into carbonate of ammonia, tee DoaaaingauU** Economi§ RurmU eom^ 
tiiirit datu Mf RapporU awte U CkimU H la MiUcrolofie, 1814, L ii^ 
p. 247, S87, sod t. u, p. 84. 
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tibly, although but slightly, iver the gea and in the interior 
of continents, according to local conditions or to the seasons of 
the year. We may easily conceive that changes in the oxy- 
gen held in solution in the sea, produced by microscopic an- 
imal organisms, may be attended by alterations in the strata 
of air in immediate contact with it.* The air which Martins 
collected at Faulhorn at an elevation of 8767 feet, contained 
as much oxygen as the air at Paris.f 

The admixture of carbonate of ammonia in the atmosphere 
may probably bo considored as oldor than tho oxistenco of or 
gallic huiiigs on thu surface of thu uurtli. Tho souroos from 
which carbonic acidf may bo yielded to the atmosphere are 
most numerous. In the first place wo would mention the res- 
piration of animals, who receive the carbon which they inhale 
from vegetable food, while vegetables receive it from the at- 
mosphero ; in the next place, carbon is supplied from the in- 
terior of the earth in the vicinity of exhausted volcanoes and 
thermal springs, from the decomposition of a small quantity of 
carbureted hydrogen gas in the atmosphere, and from the elec- 
tric discharges of clouds, which are of such frequent occurrence 
within the tropics. Besides these substances, which we have 
considered as appertaining to the atmosphere at all heights 
that are accessible to us, there are others accidentally mixed 
with them, especially near the ground, which sometimes, in 
the form of miasmatic and gaseous contagia, exercise a noxious 
influence on animal organization. Their chemical nature has 
not yet been ascertained by direct analysis ; but, from the con- 
sideration of the processes of decay wliich are perpetually go- 
ing on in the anirtial and vegetable substances with which the 
surface of our planet is covered, and judging from analogies 
deduced from the domain of pathology, we are led to infer the 
existence of such noxious local admixtures. Ammoniacal and 
other nitrogenous -vapors, sulphureted hydrogen gas, and com- 
pounds analogous to the poly basic ternary and quaternary com- 
binations of the vegetable kingdom, may produce miasmata.^ 

* Lewy, ia the CompUt Rendut de PAcad. det Scieneetf U xvii., Fart 
ii., p. 235-248. 

t Dumas, in the Annalea de Chimie, Ze Sine, t iii., 1841, p. 257. 

X In this euumerution, the exhalation of carbonic acid by plants diir> 
ing the night, while they inhale oxygen, is not taken into account, be- 
cause the increase of carbonic acid from this source is amply counter- 
balanced by the respiratory process of plants during the day. See Bous- 
singault's Eeon. Rurale, 1. 1., p. 53-68, and Liebig's Organuche Chemi4, 
s. 16,21. 

A. Gay-Loflsao. in Ann(Ue$ de Ckimie, t. liii., p. 120; Fayeu, M6m, ew 
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which, under yarioufi fonof, may genarata ague and typhoa 
fever (not by any meant excluuvely'on wet, marshy ground, 
or on coasts covered by putrescent moUusca, and low bushes 
of Rhizophara mangle and Avicennia). Fogs, which have 
a peculiar smell at some seasons of the year, remind us of 
these accidental admixtures in the lower strata of the atmos- 
phere. Winds and currents of air caused by the heating of 
the ground even carry up to a considerable elevation solid 
substances reduced to a fine powder. The dust which dark- 
ens the air for an extended area, and falls on the Cape Verd 
Islands, to which Darwin has drawn attention, contains, ac- 
cording to Ehrenberg's discovery, a hostof silicious-shelled in 
fusoria 

As pnncipai features of a general descriptive picture of the 
atmosphere, wc may enumerate : 

1. Variatums of aimosj^keric preaure: to which belong 
the horary oscillationCocciirring with such regularity in the 
tropics, where they produce a kmd of ebb and flow in the at- 
mosphere, which can not be ascribed to the attraction of the 
moon,* and which diflers so considerably according to geo- 
graphical latitude, the seasons of the year, and the elevation 
above the level of the sea. 

2. Climatic distribution of heat, which depends on the 
relative position of ~th6~transparent and opaque masses (the 
fluid ancf solid parts of the surface of the earth), and on the 
hypsometrical configuration of continents ; relations which de- 
termine the geographical position and curvature of the iso- 
thermal lines (or curves of equal mean annual temperature) 
both in a horizontal and vertical direction, or on a uniform 
plane, or in diflerent superposed strata of air. 

3. Hie distriduHan of the humiditjf of the atmosphere. 
The quantitativiTralandns of the humidity depend on the dif- 
ferences in the solid and oooanio surfaces ; on the distanoo from 
the equator aud the level of tho sea ; on the form in which the 

U Componiiw Ckimi^uM itt Vigitamx, p. 36, 43 ; Liebiff, Org. Ckemi; 
t. 229-345: BooMingmult, Ec9%, JturaU, t i., p. 142-153. 

* BooTftrd, bj th« ■ppUoation of the fonnahs, in 1827, which Laplace 
bed depitited with Um Board of Longitude abortly before hie death* 
tunnd tnat the portiou of the horary otcUlatioo* of the preieore of the 
aloMMphere, whiob depend* on the attractkm of the moon, can not raiae 
the m^nnrj in the barometer at Taria more than the 0*018 of a milli- 
neter, while eleven years' obaenrationeat the nme place show the mean 
barometric oMillation, from 9 A.M. to 3 P.M., to be 756 millim., and 
from 3 P.M. to 9 P.M., 373 millim. Bee Mimwir^t 4t CAemd, 4m 
Seiences, L vii., 1827, p. 267. 

Vol. I. — O 
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aqueous vapor is precipitated, and on the connection existing 
between these deposits and the changes of temperature, and 
the direction and succession of winds. 

4. The dectric condi^atkjf the atmosphete. The primair 
cause of this condiObn, when the heavens are serene, is stiU 
much contested. Under this head we must consider the re- 
lation of ascending vapors to the electric charge and the form 
of the clouds, according to the difierent periods of the day and 
year ; the difleronce between the cold and warm zones of the 
earth, or low and high lands ; the frequency or rarity of thim- 
dor storms, their periodicity and formation m summer and 
winter ; tho causal connection of electricity, with the infre- 
quent occurrence of' hail in the night, and with the phe- 
nomena of water and sand spouts, so ably investigated by 
Peltier. 

The horary oscillations of the barometer, which in the trop- 
ics present two maxima (viz., at 9 or 9^ A.M., and 10^ or 
10} P.M., and two minima, at 4 or 4^ P.M., and 4 A.M., 
occurring, therefore, in almost the hottest and coldest hours), 
have long been the object of my most careful diurnal and noc- 
turnal observations.* Their regularity is so great, that, in 
the daytime especially, the hour may be ascertained from the 
height of the mercurial column without an error, on the av- 
erage, of more than fifteen or seventeen minutes. In the tor- 
rid zones of the New Continent, on the coasts as well as at 
elevations of nearly 13,000 feet above the level of the sea, 
where the mean temperature falls to 44^*6, I have found the 
regularity of the ebb and flow of the aerial ocean undisturbed 
by storms, hurricanes, rain, and earthquakes. The amount 
of the daily oscillations diminishes from 1*32 to 0*18 French 
lines from the equator to 70^ north latitude, where Bravais 
made very aocurate observations at Bosekop.f The supposi- 
tion that, much nearer the pole, the height of the barometer 
b really less at 10 A.M. than at 4 P.M., and, consequently, 
that the maximum and minimum influences of these hours 

* ObterwUiontfaiiet pour eontkUer la Mareke dei Variation* Horaire* 
dm Baromitre gous let Trojnquet, in my Relation HiUorique du Voyage 
aua Rigione Equinoxiale*, L iii., p. 270-313. 

t Bravaii, in KaemU and Martint, MMorohgie, p. 263. At Halle 
(5l<> 29' N. lat.), the oscillation still amounU to 0*28 lines. It would 
seem that a great many observations will be required in order to obtain 
results that can be trusted in regard to the hours of the maximum and 
minimum on mountains in the temperate zone. See the observatioiui 
of horary variations, collected on the Faulhoru in 1832, 1841, and lBi% 
(Martins, MiUorologi$, p. 254.) 
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are inTerted, is not oonfinned by Parry*! obtenraiioiii at Port 
Bowcn (73^ 14'). 

The mean height of the barometer is somewhat lest under 
the equator and in the tropics, owing to the effect of the rising 
current,* than in the temperate zones, and it appears to attain 
its maximum in Western Europe between the parallels of 40^ 
and 45°. If with Kamtz we connect together by uobaramet- 
ric lines those places which present the same mean difference 
between the monthly extremes of the barometer, we shall hare 
curves whose geographical position and uiflections yield im- 
portant conclusions regarding the in/luonoe exercised by the 
form of the land and the distribution of seas on the oscillations 
of the atmosphere. liindostan, with its high mountain chains 
and triangular peninsulas, and the eastern coasts of the New 
Continent, whore the warm Gulf Stream turns to the east at 
the Newfoundland Banks, exhibit greater isobarometric oscil- 
lations than do the group of the Antilles and Western Europe. 
The prevailing winds exercise a principal influence on the 
diminution of the pressure of the atmosphere, and this, as we 
have already mentioned, b accompanied, according to Daussy, 
by an elevation of the mean level of the sea.t 

As the most important fluctuations of the pressure of the 
atmosphere, whether occurring with horary or annual regu- 
larity, or accidentally, and then oflen attended by violence and 
danger,! are, like all the other phenomena of the weather, 
mainly owing to the heating forco of the suu*s rays, it lias 
long been suggested (partly according to the idea of Lambert ) 
that the direction of the wind should bo compared with tho 
height of the barometer, alternations of temperature, and the 
increase and decrease of humidity. Tables of atmospheric 
pressure during different winds, termed barometric taindro9es, 
afford a deeper insight into the connection of meteorological 
pheuomena.i Dove has, with admirable sagacity, recognized, 
m the " law of rotation'* in both hemispheres, which he him- 
self established, tho cause of many imix)rtant proc«)sses in the 
aorial oceau.B The difference of temperature botwoon tho 

* llamlioldt, £««at ««r la OiograpkU du Plantm, 1807, p. 90: and 
io Rel. UiH.^ t iii., p. 313 ; and on the diininntion uf ■tmutpheric presik 
are in the Uupical portions of tlie AtUntio. in Poggond., AnmmUm lUr 
Pkftik, bd. zxzvii.. •. 245-^258. and s. 468-486. 

t DaoMj. in the CompitM Rtmim*, t. iii., p. 136. 

I Dove, Uehtrdit Sii^rme, iu Pogrend.. Annalm, Ul. Iii.. •. 1. 

i Leopold von Duch, Baromeirueke WimdrcM, in Abkandl. lerAkmd, 
4€r fKiM. til Berlim aus den Jakrem 1818-1819. a. 187. 

I See Dova, Mttmrolcgisekt UnUrtmekmmgtnf J 837, a. t^-3t3; and 
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equatorial and polar regions engondem two opposite ourrenti 
in tho upper strata ol the atmosphere and on the Earth's sur- 
faee. Owing to the diflerence between the rotatory velocity 
at the poles and at the equator, the polar current is deflected 
eastward, and the equatorial current westward. The great 
phenomena of atmospheric pressure, the warming and cooling 
of the strata of air, the aqueous (]eposits, and even, as Dove 
has correctly represented, the formation and appearance of 
clouds, alike depend on the opposition of these two currents, 
on the place where the upper one descends, and on the dis- 
placement of the one by the other. Thus the figures of the 
clouds, which form an animated part of the charms of a land- 
scape, announce the processes at work in the upper regions of 
the atmosphere, and, when the air is calm, the clouds will 
of\en present, on a bright summer sky, the '* projected image" 
of the radiating soil below. 

Where this influence of radiation is modified by the relative 
position of large continental and oceanic surfaces, as between 
the eastern shore of Africa and the western part of the Indian 
peninsula, its efieets are manifested in the Indian monsoons, 
which change with the periodic variations in the sun's decli- 
nation,* and which were known to the Greek navigators un- 
der the name of Hippalos. In the knowledge of the mon- 
soons, which undoubtedly dates back thousands of years among 
the inhabitants of Hindostan and China, of the eastern parts 
)f the Arabian Gulf and of the western shores of the Malayan 

he excellent observations of Kimtz on the descent of the west wind 
of the upper current in hi^h laiitodes, and the general phenomena of 
the dii-oction of llie wind, in his Varlttungen kbtr Milerologie, 1810. s. 
58-G6, 196-^00. 327-336, 353-364; and in Schumacher's jSAr^vci /ftr 
1838, s. 291-302. A very satisfactory and vivid representation of me- 
teorologicul phenomena is given by Dove, in bis small work entitled 
.WiUerungtvtrhdUnuu vom Berlin, 1842. On the knowledge of the 
earlier navigators of the rotation of the wind, see Gburruca. Viage at 
Afagelianea, 1793, p. 15 ; and on a remarkable expression of Columbus, 
which his sou Dun Fernando Oolon has presented to us in bis Vida dd 
Almirante, cap. 55, see Humboldt, Examen Critique d$ PHiU. de Qi- 
ographie, t. iv., p. 253. 

* Maniun (Malayan musim, the kipptdoe of the Greeks) is derived 
from the Arabic word maumm, a set time or season of the year, the time 
of the assemblage of pilgrims at Mecca. The word has been applied 
to the seasons at which certain winds prevail, which are, besides, named 
from places lying in the direction from whence they come; thus, for 
instance, there is tho mausim of Aden, of Guzerat, Malabar, &c. (Laa- 
sen, Indiickt AlUrtkumaknnd§, bd. i., 1843, s. 211). On tho contrasU 
bolweou the solid or fluid substrata of the atmosphere, see Dc ve, in Der 
dkkandl. der Akad, der Wits, xu Berlin aus dsm Jakr 1842, s. 239 
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8ea, and in tho still mora ancient and more general acquaint- 
ance with land and sea winds, lies concealed, as it were, the 
germ of that meteorological science which is now making sach 
rapid progress. The long chain of magnetic station* extend- 
ing from Moscow to Pekin, across the whole of Nortliem Aaia, 
will prove of immense importance in determining the law of 
the winds, since these stations hare also for their object the 
investigation of general meteorological relations. The com- 
parison of observations made at places lying so many hundred 
miles apart, will decide, for instance, whether the same east 
wind blows from the elevated desert of Gobi to the interior of 
Russia, or whether the direction of the aerial current first be- 
gan in the middle of the series of the stations, by the descent 
of the air from the higher regions. By means of such obeerr- 
ations, we may learn, in the strictest sense, whence the wind 
Cometh. If we only take the results on which we mav de- 
pend from those places in which tho observations on the direc- 
tion of the winds have been continued more than twenty years, 
we shall find (from the most recent and careful calculations 
of Wilhelm Mahlmann) that in the middle latitudes of the 
temperate zone, in both continents, the prevailing aerial our- 
reut has a west-southwest direction. 

Our insight into X\\e distribution of heal in tho atmosphere 
has been rendered more dear since the attempt hns been made 
to connect together by lines tlioso places whore the mean an* 
nual summer and winter temperatures have been ascertained 
by correct observations. The system of isothermal, isotheralj 
and isodiifnenal lines, which I first brought into use inJ8l7^ 
may, perhaps, if it be gradually perfected by the united ellorta 
of investigators, serve as one of the main foundations of com- 
parative climatology. Terrestrial magnetism did not acquire 
a right to be regarded as a science until partial results were 
graphically connected in a system of lines of equal dedina- 
tioti, equal indinaiion, and etjufU intensity. 

Tho term diituUe, taken in its most general sense, indicates 
all the changes in the atmosphere which sensibly aflect our 
orgaus. as temperature, humidity, variations in the baromet* 
rical pressure, the calm state of the air or the action of oppo 
site winds, the amount of electric tension, the purity of tho 
atmosphere or its admixture with more or less noxious gase- 
ous exhalations, and, finally, the degree of ordinary transpar- 
ency and clearness of the sky, which is not only imfwrtant 
with respect to the increased radiation from the Earth, tho 
organic development of plants, and the rif tning of fruits, bat 
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also with roforence to its influence on the feelings and mental 
condition of men. 

If the surface of the Earth consisted of one and the same 
homogeneous fluid mass, or of strata of rock having the same 
color, density, smoothness, and power of absorbing heat from 
the solar rays, and of radiating i% in a similar manner through 
the atmosphere, the isothermal, isotheral, and isochimcnal 
lines would all be parallel to the et|uator. In this hy))othet- 
ical condition of the Earth's surface, the power of absorbing 
and emitting light and heat would every where be the same 
under the same latitudes. Thu muthcmatioal consideration 
of climate, which docs not exclude thu supposition of the ex« 
istence of currents of heat in the interior, or in the external 
crust of the earth, nor of the propagation of heat by atmos- 
pheric currents, proceeds from this mean, and, as it were, 
primitive condition. Whatever alters the capacity for ab- 
sorption and radiation, at places lying under the same parallel 
of latitude, gives rise to inflections in the isothermal lines. 
The nature of these inflections, the angles at which the iso- 
thermal, isutheral, or isocliimenal lines intersect the parallels 
of latitude, their convexity or concavity with respect to the 
pole of the same hemisphere, are dependent on causes which 
more or less modify the temperature under diflbrent degrees 
of longitude. 

The progress of Climatology has been remarkahly favored 
by the extension of European civilization to two opposite 
coasts, by its traiisinissiun from our western shores to a conti- 
nent which is bounded on the east by the Atlantic Ocean. 
When, after the ephemeral colonization from Iceland and 
Greenland, 'the British laid the fuundulion of the first perma- 
nent settlements on the shores of the United States of Amer- 
ica, the emigrants (whose numbers were rapidly increased in 
consequence either of religious persecution, fanaticism, or love 
of freedom, and who soon spread over the vast extent of ter- 
ritory lying between the Carolinas, Virginia, and the St. Law- 
rence) were astonished to 6nd themselves exposed to an intens- 
ity of winter cold far exceeding that which prevailed in Ita- 
ly, France, and Scotland, situated in corresponding parallels 
of latitude. But, however much a consideration of these cli- 
matic relations may have awakened attention, it was not at- 
tended by any practical results until it could be based on the 
numerical data of mean a?inual temperature. If, between 
68^ and 30^ north latitude, we compare Nain, on the coast 
of Labrador, with Gottenburg ; Halifax with Bordeaux ; New 
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York with Naples ; St. Augnitino, in Florida, with Cairo, wo 
find that, under tho aatno dcgroco of latitude, the diflorenooa 
of the mean annual temperature between Eastern Amerioa 
and Western Europe, proceeding from north to south, are suo- 
oessively 20O-7, 130-9, 60-8. and ahnost 0<>. The gradual 
decrease of the difierences in this series extending oyer 28^ 
of latitude is rery striking. Further to the south, under the 
tropics, the isothermal lines are oTery where parallel to the 
equator in both hemispheres. We see, from the above exam- 
ples, that the questions oilen asked in society, how many de- 
grees America (without distinguishing between the eastern 
and western shores) is colder than Europe ? and how much 
the mean annual temperature of Canada and the United 
States is lower than that of corresponding latitudes in Eu- 
rope ? are, when thas generally expressed, devoid of meaning. 
There is a separate difloronoe for each parallel of latitude, and 
without a special comparison of tho wmtor and summer tem- 
peratures of the opposite ooasts, it will be impossible to arrive 
at a correct idea of climatic relations, in their influence on 
agriculturo and other industrial pursuits, or on tho individual 
comfort or discomfort of mankincl in general. 

In enumerating the causes which produce disturbances in 
the form of the isothermal lines, I woald distinguish between 
those which raise and those which htcer the temperature. 
To the first class belong the proximity of a western coast in 
the temperate zone ; the divided configuration of a continent 
into peninsulas, with deeply-indented bays and inland seas ; 
the aspect or the position of a portion of the land with refer- 
ence either to a sea of ice spreading far into the polar circle, 
or to a mass of continental land of oonsiderable extent, lying 
in the same meridian, either under the equator, or, at least, 
within a portion of the tropical zone ; the prevalence of south- 
erly or westerly winds on the western shore of a continent in 
the temperate northern zone ; chains of mountains acting as 
protecting walls against winds coming from colder regions; 
the infrequency of swamps, which, in the spring and begin- 
ning of summer, long remain covered with ice, and the ab- 
sence of woods in a dry, sandy soil ; finally, the constant se- 
renity of the sky in the summer months, and the vicinity of 
an oceanic current, bringing water which is of a higher tem- 
perature than that of the surrounding sea. 

Among the causes which tend to lower the mean annual 
temperature I include the following : elevation above the Wtel 
of tiia sea, when not forming part of an extended plain ; the 
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vicinity of an eastern coast in high and middle latitudes ; ths 
compact configuration of a continent having no littoral curv* 
atures or hays ; the extension of land toward the poles into 
the region of perpetual ice, without the intervention of a sea 
remaining open in the winter; a geographical position, in 
which the equatorial and tropical regions are occupied by the 
sea, and, consequently, the absence, under the same meridian, 
of a continental tropical land having a strong capacity for the 
absorption and radiation of heat; mountain chains, whose 
mural form and direction impede the access of warm winda ; 
the vicinity of isolated peaks, occasioning the descent of cold 
currents of air down thoir doclivitios ; extensive woods, which 
hinder the insolation of the soil by the vital activity of theii 
foliage, which produces great evaporation, owing to the ex- 
tension of these organs, and increases the surface that is cool- 
ed by radiation, acting consequently in a three-fold manner, 
by shade, evaporation, and radiation ; the frequency of swamps 
or marshes, which in the north form a kind of subterranean 
glacier in the plains, lasting till the middle of the summer ; a 
cloudy summer sky, which weakens the action of the solar 
rays ; and, finally, a very clear winter sky, favoring the radi* 
ation of heat.* 

The simultaneous action of these disturbing causes, wheth- 
er productive of an increase or decrease of heat, determines, 
as the total efiect, the inflection of the isothermal lines, espe- 
cially with relation to the expansion and configuration of solid 
contmental masses, as compared with the liquid oceanic. 
These perturbations give rise to convex and concave summits 
of the isothermal curves. There are, however, difierent or- 
ders of disturbing causes, and each one must, therefore, be 
considered separately, in order that their total efiect may aft- 
erward be investigated with reference to the motion (direc- 
tion, local curvature) of the isothermal lines, and the actions 
by which they are connected together, modified, destroyed, or 
increased in intensity, as manifested in the contact and inter- 
section of small oscillatory movements. Such is the method 
by which, I hope, it may some day be possible to connect to- 
gether, by empirical and numerically expressed laws, vast se- 
ries of apparently isolated facts, and to exhibit the mutual de- 
pendence which must necessarily exist among them. 

The trade winds — easterly winds blowing within the trop- 
ics — give rise, in both temperate zones, to the west, or west- 

* Humboldt, Recherchea tur let Cautet det Ir{flctiont des LU^nti hth 
tkm-met, iu AsU Cenlr,, t. iii., p. 103-114, 118, 122, 188. 
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■oQthwest winds which provatl in those regions, and nhioh 
are land winds to eastern coasts, and sea winds to western 
coasts, extending over a space which, from the great mass 
and the sinking of its cooled particles, is not capable of any 
considerable degree of cooling, and hence it follows that the 
east winds of the Continent must be cooler than the west 
winds, where their temperature is not aflected by the occur- 
rence of oceanic currents near the shore. Cook's young com- 
panion on his second voyage of circumnavigation, the intelli- 
gent George Forster, to whom I am indebted for the lively 
interest which prompted me to undertake distant travels, was 
the first who drew attention, in a definite manner, to the di* 
matic diflerences of temperature existing in the eastern and 
western coasts of both continents, and to the similarity of 
temperature of the western coast of North America in the 
middle latitudes, with that of Western Europe.* Even iu 
northern latitudes exact observations show a striking difler- 
ence between the mean annual temperature of the east and 
west coasts of America. The mean annual temperature of 
Nain, in Labrador (lat. 670 10'). is fully fiO-S ddow the fleec- 
ing point, while on the northwest coast, at New Archanffel, 
in Russian America (lat. 67^ 3'), it is 12^*4 above this pomt 
At the first-named place, the mean summer temperature 
hardly amounts to 43^, while at the latter place it is 67^. 
Pokin (39^ 64'), on the eastern coast of Asia, has a mean an^ 
nuol temperature of G2P'3, which is 9^ below that of Naples, 
situated somewhat further to the north. The mean wmtar 
temperature of Pekin is at least 6^ A below the freezins point, 
while in Western Europe, even at Paris (48^ 60'), it is near- 
ly 6^ above the freezing point. Pekin has also a mean win- 
ter cold which is 4^*6 lower than that of Copenhagen, lying 
17^ further to the north. 

We have already seen the slowness with wliich the great 
mass of the ocean follows the variations of temperature in the 
atmosphere, and how the sea acts in equalizing temucratures, 
moderating simultaneously the severity of winter and the heat 
of summer. Ilcnce arises a second more important contrast 
— that, namely, between insular and littoral climates enjoyed 
by all articulated continents having deeply-indented bays and 
peninsulas, and between the climate of the interior of great 
masses of solid land. This remarkable contrast has been fully 

* George Fortter, KUim4 Sckriflmk, th. iii., 1794. •. 87 *, Dove, ia 
Schomecber's Jakrbuek fkr 1841. •. 289; KlmU. Mtimr9l0gi€, b<L tf., 
t. 41. 43. 67, sad 96 ; Anigo, in tbe Cmrnpim Rmdu§, t i., p. S68. 

02 
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deyeloped by Leopold von Buch in all iu various phenomena, 
both with respect to its influence on vegetation and agricul- 
ture, on the transparency of the atmosphere, the radiation of 
the soil, and the elevation of the line of perpetual snow. In 
the interior of the Asiatic Continent, Tobolsk, Barnaul on the 
Oby, and Irkutsk, have the same mean summer heat as Ber- 
lin, Munster, and Cherbourg in Normandy, the thermometer 
sometimes remaining for weeks together at 86^ or 88°, while 
the mean winter temperature is, during the coldest month, as 
low as — 0®*4 to — 4°. These continental climates have 
therefore justly been termed excessive by the great mathema- 
tician and physicist Buflbn ; and the inhabitants who live in 
countries having such excessive climates seem almost con- 
demned, as Dante expresses himself, 



** A sofierir tormenti caldi e geli. 



If* 



In no portion of the earth, neither in the Canary Islands, 
in Spain, nor in the south of France, have I ever seen moro 
luxuriant fruit, especially grapes, than in Astrachan, near the 
shores of the Caspian oca (46*^ 21'). Although the mean 
annual temperature is about 48°, the mean summer heat 
rises to 70°, as at Bordeaux, while not only there, but also 
further to the south, as at Kislar on the mouth of the Terek 
(in the latitude of Avignon and Rimini), the thermometer 
sinks in the winter to — 13° or — 22^. 

Ireland, Guernsey, and Jersey, the peninsula of Brittany, 
the coasts of Normandy, and of the south of England, present, 
by the mildness of their winters, and by the low temperature 
and clouded sky of their summers, the most striking contrast 
to the continental climate of the interior of Eastern Europe. 
In the northeast of Ireland (54° 56'), lying under the same par- 
allel of latitude as Konigsberg in Prussia, the myrtle blooms 
as luxuriantly as in Portugal. The mean temperature of the 
month of August, which in Hungary rises to 70^, scarcely 
reaches 61° at Dublin, which is situated on the same Isother- 
mal line of 49° ; the mean winter temperature, which falls to 
about 28° at Pesth, is 40° at Dublin (whose mean annual 
temperature is not more than 49°) ; 3°*6 higher than that of 
Lrlilan, Pavia, Padua, and the whole of Lombardy, where the 
mean annual temperature is upward of 55". At Stromness, 
in the Orkneys, scarcely half a degree further south than Stock- 
holm, the winter tuinporature is 39 \ au<l conscrpieiitly highef 
than that of Paris, and nearly us high as that of London. 
* Dftnte, Diwina Comnudia, Pnrgaiorio, canto iii. 
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Even in the Faroe IslandB, at G2® latitude, the inland waters 
nerer freeze, owing to the faToring inflaonco of the west windf 
and of the sea. On the oharming coasts of Devonshire, near 
Saloomhe Bay, which has heen termed, on account of the 
mildness of its climate, the MorUpdUer of the North, the 
Agave Mexicana has heen seen to hlossom in the open air, 
while orange-trees trained against espaliers, and only slightly 
protected by matting, are found to bear fruit. There, as weU 
as at Penzance and Gosport, and at Cherbourg on the coast 
of Normandy, the mean winter temperature oxcoeds 42^, fall* 
ing short by only 2^*4 of the mean winter temperature of 
Montpellier and Florence* These obserrations will suffice 
to show the important influence exercised on vegetation and 
agriculture, on the cultivation of fruit, and on the comfort of 
mankind, by differences in the distribution of the same mean 
annual temperature, through the diflerent seasons of the vear. 
The lines which I have termed isochimenal and uoUural 
(lines of equal winter and equal summer temperature) are by 
no means parallel with the isothemud lines (lines of equal 
annual temperature). If, for instance, in countries where 
myrtles grow wild, and the earth does not remain covered 
with snow in the winter, the temperature of the summer and 
autumn is barely sufficient to bring apples to perfect ripeness, 
and if, again, we observe that the grape rarely attains the 
ripeness necessary to convert it into wine, either in islands or 
in the vicinity of the sea, even when cultivated on a western 
ooast, the reason must not be sought only in the low degree 
of summer heat, indicated, in littoral situations, by the ther- 
mometer when suspended in the shade, but likewise in another 
cause that has not hitherto been sufficiently considered, al- 
though it exercises an active influence on many other phe- 
nomena (as, for instance, in the inflammation of a mixture of 
chlorine and hydrogen), namely, the diflbrcnco between direct 
and diflused light, or that which prevails when the sky is clear 
and when it is overcast by mist. I long since endeavored to 
attract the attention of physicists and physiologistst to this 

* Hamboldt, Smt let Lignt* Itoikermea, in the Mimoirea d^ Pkf$i^m 
ft dt CkimU d$ la BociiU d^ArnttU, t. iii.. PftH*, 1817. p. 143-165; 
Knight, hi the T*ran»actiona of the HoHieuUMral Society of handct^ vol. 
' , p. 32 ; WataoD, Remarks on the Oeograjpkical Ditiri^tiom of Briiuh 
Plamis, 1835, p. 60; Trevelyan, in Jaroiemn'* Edtnbmrgk Sew PkiL 
Jommal, No. 18, p. 154; MahlmaDn. in his admirnble German timnala 
tion of my A tie Centraltf th. ii.. n. CO. 

t '* Hvc de temperio aorit, qui tcrram late circumfandit, ac in qoo. 
longe a aolo, inatnimenta noatrn roeteorologica tosp^iHa habenwM. 8m 
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diflbronce, and to the untneasured heat which is locally devel* 
oped in the living vogetahle cell by the action of direct light. 
If, in forming a thermic scale of different kinds of cultiva- 
tion,* wo begin with thoso plants which require the hottest 
climate, as the vanilla, the cacao, banana, and cocoa-nut, and 
proceed to pine-apples, the sugar-cane, coflee, fruit-bearing 
date-trees, the cotton-tree, citrons, olives, edible chestnuts, and 
vines producing potable wine, an exact geographical consider- 
ation of the limits of cultivation, both on plains and on the 
declivities of mountains, will teach us that other climatic re- 
lations besides those of mean annual temperature are involved 
in thoso phonomuna. Taking an oxampio, for instance, from 
the cultivation of the vine, we find that, in order to procure 
potcMe wine,t it is requisite that the mean annual heat should 
exceed 49^, that the winter temperature should be upward of 
33^, and the mean summer temperature upward of 64^. At 
Bordeaux, in the valley of the Garonne (4 i^ 50' lat.), the 
mean annual, winter, summer, and autumn temperatures are 
respectively 57^, 43^, 71^, and 58^. In the plains near the 

alia est caloria vis, quom radii solis nulHs uubibns volati, in fuliii ipsia 
et fnictibuB maturesceutibuB, magia minuave coloratia, gignunt, quem- 
que, at egregia demonatrant ezperimenta amiciaaimoram Qay-Luaaacii 
et Thenanli do combuatione chlori et bydro^euia, ope thermometri me- 
tiii nequia. Etenim locia plauia et montania, veuto libe 8[nrante, cir^ 
cumfuai aoria temperiea eadem ease poteat cgbIo audo vel nebuloao ; ide- 
oque ex obaervationibua aolia thermometricia, nullo adhibito Pbotome- 
tro, band cognosces, quam ob causam Galliio septentrionalia tractoa 
Armoricanut et Nervicua, veraut littora, coslo temperato aed aole rare 
atentia, Vitem fera non tolerant. Egent eniin atirpea uon aolum caloria 
atimulo, aed et lucia, quoB magia intenaa locia ezcelaia quam plania, du- 
plici mode niantaa movet, vi aua turn propria, turn calorom in auperficie 
earum ezcitanta."— Humboldt, De Dittribuiione Qeographica Plantar 
rum, 1817, p. 163-164. 

* Humboldt, op. cit., p. 156-161; Meyen, iu hia Orundriu der 
FJlanzengeographie, 1836, a. 379-467 ; Douasiugault, Economic Rnrale, 
t. ii., D. 675. 

t Tlio following tablo ilhiatratoa the cultivation of the vine in Europe, 
and alao the doprociation of its produce according to climatic relationa. 
See my Asie CaUraU, t. iii., p. 150. The examplea quoted in the text 
for Bordeaux and Potsdam are, in rcapect of numerical i-elation, alike 
applicable to the countriea of the Rhine and Maine (48° 35' to 50° 7' 
N. lat.V Cherbourg in Normandy, and Ireland, show in the most re* 
markaole manner how, with thermal relationa very nearly aimilar to 
those prevailing in the interior of the Continent (as estimated by the 
thermometer in the shade), tlie results are nevertheless extremely dif- 
ferent as regards the ripeness or the unripeness of the fruit of the vine, 
this difluronco uudoubtudly dei»cnding on the cii*cumstunuo wholhor 
the voKotatiuu of the plant pnicouda under a bright suuny sky, or ua 
der a uty that is habitually obscured by clouds: 
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Baltic {629 30' lat.V where a wino is produced that ean 
learoely bo considered potable, these numbers are as follows : 
47^6, 31^, G3' 7, and 470d. If it should appear strange 
that the great diflerences indicated by the influence of climate 
on the production of wine should not be more clearly manifest- 
ed by our thermometers, the circumstance will appear less 
singular when we remember that a thermometer standing in 
the shade, and protected from the effect of direct insolation 
and nocturnal radiation can not, at all seasons of the year, and 
during all periodic changes of heat, indicate the true superficial 
temperature of the ground exposed to the whole eflect of the 
sun's rays. 

The same relations which exist between the equable littoral 
dimate of the peninsula of Brittany, and the lower winter and 
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The greet accordance in the dittribation of the annual temperature 
thnmgh the difTerent aeaaona, as presented by the resnits obtained for 
the Tuleja of the Rhine and Maine, tend* to conRnn the accuracy of 
theee meteorological obaerrationt. The months of December, January, 
and Fobninry aro reckoned as winter months. When tlie different 
qualities of iho wines prodiicod in Fmiiconin, and in tlie countriei 
aroand the Baltic, are compared with the moan summer and antumn 
temperature of WOrzburg and Berlin, we are almost surprisetl to find 
a difference of only about two degrees. The difference in the spring 
ia about four degrees. The influence of late May frosts on the flower* 
ing season, and afler a correspondingly cold winter, is almost as im 
portent an element as the time of the snbseaiicnt ripening of the grape, 
and the influence of direct, not diflused, hght of the unclooded sun 
The difference alluded to in the text between the true temperature ol 
the surface of the ground and the indications of a thermometer sus 
pended in the shade and protoctod from extraneous influences, b in 
lerred by Dovo from a consideratirin of llie results of fifteen yeaia* ob 
serrations made at the Chiswick Gardens. See Dove, in Bericki %km 
4U Vtrkandl, der Btrl. Akmd, d^r Wist., August, 1844, s. 285. 
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higher BummcT temperature of the remainder of the continent 
of France, are likewise manifested, in some degree, between 
Europe and the great continent of Asia, of which the former 
may be considered to constitute the western peninsula. Eu- 
rope owes its milder climate, in the first place, to its position 
with respect to Africa, whose wide extent of tropical land is 
favorable to the ascending current, while the equatonal region 
to the south of Asia is almost wholly oceanic ; and next to its 
deeply-articulated configuration, to the vicinity of the ocean 
on its western slioros ; and, lastly, to the existence of an open 
fioa, which bounds its northern oonfmos. ICuropo would there- 
foru buconio colder* if i\frica wcru to bu ovurdowud by tho 
ocouu'; or ii' tho iiiylliicul Atlantis wuro to arise and connect 
Europe with North America ; or if tho Gulf Stream wore no 
longer to difluse the warming influence of its waters into thp 
North Sea ; or if, finally, another mass of solid land should be 
upheaved by volcanic action, and interposed between the 
Scandinavian peninsula and Spitzbergen. If we observe that 
in Europe the mean annual temperature falls as we proceed, 
from west to cast, under the same parallel of latitude, from 
the Atlantic shores of France through Germany, Poland, and 
Russia, toward the Uralian Mountains, the main cause of this 
phenomenon of increasing cold must be sought in the form of 
the continent (which becomes less indented, and wider, and 
more compact as we advance), in the increasing distance from 
seas, and in the diminished influence of westerly winds. Be- 
yond the Uralian Mountains these winds are converted into 
cool land-winds, blowing over extended tracts covered with 
ice and snow. The cold of western Siberia is to be ascribed 
to these relations of configuration and atmospheric currents, 
and not — as Hippocrates and Trogus Pompeius, and even cele- 
brated travelers of the eighteenth century conjectured — to the 
great elevation of the soil above the level of tho sea.f 

If wo pass from the dincrencos of temperature manifested in 
tho plains to tho inequalities of the polyhcdric form of the sur- 
face of our planet, wo shall have to consider mountains either 
in relation to their influence on the climate of neighboring 

* See my memoir, Ueber die Haupt-Ur$aeken der Temperaturver' 
tekiedcnhtit auf der Erdoberflueke, in the AbhanM, der Akad. der IVie' 
tentch. zu Berlin von dem Jahr 1827, s. 311. 

t The general level of Siberia, from Tobolsk, Tomsk, and Barnaul, 
from the Altai Mountains to the Polar Sea, is not so high as that of 
Maiiheiin and Dresden ; indeed, Irkutsk, fur to Uie east of the Jonisei, 
U only 1330 fuet above tho level of the sea, or about one third lowof 
than Munich. 
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mHeyRk or according to tho oflcoU of tho hypiometriotl rola- 
(iont on their own suromifs, which oden spread into elerated 
plateaux. The division of moantains into chains separates 
the earth's surface into diflerent basins, whieh are ol\en nar 
row and walled in, fonning caldron-like ▼alle3rs, and (as in 
Greece and in part of Asia Minor) constitute an individual 
local climate with respect to heat, moisture, transparency of 
atmosphere, and frequency of winds and storms. These cir- 
eamstances have at all times exercised a powerful influence 
on the character and cultivation of natural products, and on 
the manners and institutions of neighboring nations, and even 
on the feelings with which they regard ono another. This 
character of geo^ro/Vitctx/ individumilf/ uiiaiDB its maximum, 
if we may be allowed so to speak, in countries where the dif- 
ferences in tho con fiffu ration of tho soil are tho greatest potai- 
ble, either in a vertical or horizontal direction, both in relief 
and in the articulation of the continent. Tho greatest con* 
trast to these varieties in the relations of the surlaco of the 
earth are manifested in the Steppes of Northern Asia, the 
grassy plains (savannahs, llanos, and pampas) of the New 
Continent, the heaths {Ericela) of Europe, and the sandy and 
stony deserts of Africa. 

The law of the decrease of heat with the increase of elera- 
tion at diflerent latitudes is one of the most important subjects 
involved in tho study of meteorological processes, of the geog- 
raphy of plants, of tho theory of terrestrial refraction, and of 
the Tarious hypotheses that relate to the determination of the 
height of the atmosphere. In the many mountain journeys 
which I have undertaken, both within and without the trop- 
ica, the investigation of this law has always formed a special 
object of my researches.* 

Since we have acquired a more accurate knowledge of the 
tma relations of tho tlistribution of heat on tho surface of the 
earth, that is to say, uf the iufleotions of isollicrinol and isoth- 
oral lines, and their unequal distance opart in tho diflbront 
eaitorn and western systems of temperature in Asia, Central 
Europe, and North America, we can no longer ask tho gen- 
eral question, what fraetion of the mean annual or summer 
temperature corresponds to the diflerence of one degree of 
geographical latitude, taken in the same meridian ? In each 
lyitero of isotficrvud lines of equal curvature there reigns a 

* lIumlNiUlt, Rfcutil it 0!f»ervatioHM Aalr^nomiqmti, t i., p. 126-140; 
RiUHon Hisioriqme, t. i.. p. 119, 141, 227; Biol, in Commmittamn d— 
T9w^ powr Van 1841, p. 90-109. 
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elose and necessary connection between three elements, iianu> 
iy, tlie decrease of heat in a vertical direction from below up 
ward, ti.e diflerence of temperature for every one degree of 
geographical latitude, and the uniformity in the mean tern* 
perature of a mountain station, and the latitude of a point 
situated at the level of the sea. 

In the system of Eastern America, the mean annual temper 
aturo from the coast of Labrador to Boston changes 1^*6 foi 
every degree of latitude ; from Boston to Charleston about 
1^*7 ; from Charleston to the tropic of Cancer, in Cuba, the 
variation is loss rapid, being only 1^*2. In tlie tropics this 
diminution is so much greater, that from the Havana to 
Cumana the variation is less than 0^*4 for every degree of 
latitude. 

The case is quite different in the isothermal system of Cen- 
tral Europe. Between the parallels of 38° and 71° I found 
that the decrease of temperature was very regularly 0°'9 for 
every degree of latitude. But as, on the other hand, in Cen- 
tral Europe the decrease of heat is 1°'8 for about every 534 
feet of vertical elevation, it follows that a di/Ierence of eleva- 
tion of about 267 feet corresponds to the diflerence of one de- 
gree of latitude. The same mean annual temperature as that 
occurring at the Convent of St. Bernard, at an elevation of 
8173 feet, in lat. 45° 50', should therefore be met with at the 
level of the sea in lat. 75° 50'. 

In that part of the Cordilleras which falls within the tropics, 
the observations I made at various heights, at an elevation of 
upward of 19,000 feet, gave a decrease of 1° for every 341 
feet ; and my friend Boussingault found, thirty years after- 
ward, as a mean result, 319 feet. By a comparison of places 
in the Cordilleras, lying at an equal elevation above the level 
of the sea, either on the declivities of the mountains or even 
on extensive elevated plateaux, I observed that in the latter 
there was an increase in the annual tem|)cratiire varying from 
2°'7 to 4°'l. This dillcrcuco would be still greater if it were 
not fur the cooling oflcct of nocturnal radiation. As the dif- 
ferent climates are arranged in successive strata, the one above 
the other, from the cacao woods of the valleys to the region 
of perpetual snow, and as the temperature in the tropics va- 
ries but little throughout the year, we may form to ourselves 
a tolerably correct representation of the climatic relations to 
which the inhabitants of the large cities in the Andes are sub- 
jected, by comparing these climates with the temperatures of 
particular months in the plains of Franco and Italy. While 
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the heat which prevails daily on tho woody shores of the 
Orinoco exceeds by 7^*2 that of tho month of August at Pa* 
lermo, we find, on ascending the chain of the Andes, at Po- 
payan, at an elevation of 5826 feet, the temperature of the 
three summer months of Marseilles ; at Quito, at an eleva- 
tion of 9641 feet, that of the close of May at Pans ; and on 
the Paramos, at a height of 11,610 feet, where only stunted 
Alpine shrubs grow, though flowers still bloom in abund- 
ance, that of the beginning of April at Paris. The intelligent 
observer, Peter Martyr de Anghiera, one of the friends of 
Christopher Columbus, seems to have been the first who rec- 
ognized (in tho ox|>c(lition undertaken by Rodrigo Enriquo 
Colmenares, in October, 1610) that tho limit of perpetual 
snow continues to ascend as we approach the equator. Wo 
read, in the fmo work De Rebus Oceanicis,^ *' the River Gaira 
oomes from a mountain in the Sierra Nevada de Santa Marta, 
which, according to the testimony of the companions of Col- 
menares, is higher than any other mountain hitherto discov- 
ered. It must undoubtedly be so if it retain snow perptC- 
MoUy in a zone which is not more than 10^ from the equi- 
noctial line." The lower limit of perpetual snow, in a given 
latitude, is the lowest line at which suow continues during 
summer, or, in other words, it is the maximum of height to 
which the snow-line recedes in the course of the year. But 
this elevation must be distinguished from three bther phe- 
nomena, namely, tho annual fluctuation of the snow-line, the 
oeeurrence of sporadic falls of snow, and tho oxistcnco of gla- 
eiors, which apficar to bo peculiar to the tcmiicrato and cold 
zones. This last phenomenon, since Saussuro's immortal 
work on the Alps, has received much light, in recent times, 
from the labors of Venetz, Charpentier, and the intrepid and 
persevering observer Agassiz. 

We know only tho lowers and not the upper limit of per^ 
petual snow ; for tho mountains of tho earth do not attain to 
thoeo ethereal regions of the rnrcficd and dry strata of air, in 
which we may suppose, with Bougucr, that the vesicles of 
aqueous vapor are converted into crystals of ice, and thus ren- 
dered perceptible to our organs of sight. The lower limit of 
now is not, hownver, a mere function of geographical latitude 
or of mean annual temperature ; nor is it at the equator, or 

* Angleriut, De Rebm OceanieiM, Dec. xi., lib. ii , p. 140 (e<1. Ool., 
1574). In tho Siorm do Sniitn Mnitn. tlie liifilioat tioint of which ap* 
pean to exceod 19.000 Toet (poo my RHai. Hi§L, t. li., p. 214), there IS 
k that ia ttiU called rioo de Gain. 
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oven in tlio ro^on of tho tropicSi that this limit attaini iti 
groatotft olovatiou abovo tho lovol of tho sea. Tho phonoino- 
non uf whioh wo aro troating is oxtromoly complioated, do* 
pending on the general relations of temperature and humidity, 
and on the form of mountains. On submitting these relations 
to the test of special analysis, as we may be permitted to do 
from the number of determinations that have recently been 
made * we shall find that the controlling causes are the dif- 
ferences in the temperature of different seasons of the year; 
the direction of tho prevailing winds and their relations to the 
land and sea ; the degree of dryness or humidity in the upper 
strata of the air ; the absolute thickness of the accumulated 
masses of fallen snow ; the relation of the snow-line to the to- 
tal height of the mountain ; the relative position of the latter 
in the chain to which it belongs, and the steepness of its de- 
clivity ; the vicinity of other summits likewise perpetually 
covered with snow ; the expansion, position, and elevation of 
the plains from which the snow-mountain rises as an isolated 
peak or as a portion of a chain ; whether this plain be part 
uf tho Bcu-couHt or of tho intorior of a continent ; whether it 
be covered with wood or waving grass ; and whother, finally, it 
consist of a dry and rocky soil, or of a wet and marshy bottom. 
The snow-line which, under the equator in South Ameri- 
ca, attains an elevation equal to that of the summit of Mont 
Blanc in the Alps, and descends, according to recent measure- 
ments, about 1023 feet lower toward the northern tropic in 
the elevated plateaux of Mexico (in 19^ north latitude), riseSi 
according to Pentland, in the southern tropical zone (14^ 30' 
to 18^ south latitude), being more than 2666 feet higher in 
the maritime and western branch of the Cordilleras of Chili 
than under the equator near Quito on Chimborazo, Cotopaxi, 
and Antisana. Dr. Gillies even asserts that much further to 
the south, on the declivity of the volcano of Peuquenes (lati- 
tude 33^), he found the snow-line at an elevation of between 
14,520 and 15,030 feet. The evaporation of the snow in the 
extremely dry air of the summer, and under a cloudless sky, 
is so powerful, that the volcano of Aconcagua, northeast of 
Valparaiso (latitude 32^ 30'), which was found in the expe- 
dition of the Beagle to be more than 1400 feet higher than 
Chimborazo, was on one occasion seen free from snow.t In 

* See my table of the height of the line of perpetual now, in both 
bemitpherot, from 71^ 15' north lat. to 53^ 54' south lat, in my Atk 
OtnlraU, t. iii., p. 3G0. 

f Darwin, JourmU of /JU Voyages of ih$ AdpeiUurw and BtagU, p. ^7. 
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an almost equal northern latitude (from 30^ 45' to 3lO), the 
anow-liiio on the toutheni declivity of the Himalaya lies at an 
elovation of 1 2,982 feet, which is about the same as the height 
whirh we might have assigned to it from a comparison with 
othor mountain chaini ; on the northern declivity, however, 
under the influence of the high lands of Thibet (whose mean 
eleration appears to be about 11,510 feet), the snow-line is 
situated at a height of 16,G30 feet. This phenomenon, which 
has long been contested both in Europe and in India, and 
whose causes I have attempted to develop in various works, 
•published since 1820,* possesses other grounds of interest than 

As the volcano of Aconcagua waf not at that time in a state of eruption, 
we moat nut aicribe the remarkable phenomenon of the abteuce of 
•now to tho internal heat of the mouulain (to the eacafw of heated air 
through fiaenri's), m is Mimotimca the cato witli Cotopaxi. Gilliee, in 
the Journal of Natural Science, 1830, p. 316. 

* 8ee my Second Mimoire tur lee iiontagnee de VlndM, in the Anmmlee 
it Ckimie et de Pkftique, t. xiv., p. 5-55 ; and Aeie Cenirale, t. iii., p. 
281-337. While the moet learnea and experienced trarelere in India, 
Oulebrtioke, Webb, and Hodgton, Victor Jacquemont, Forbet Boyle, 
Carl von Hiigel, and Vigne, who have all personally examined the 
Hinialaya range, nre agreed regarding the greater elevation of the 
•oow-line on the Thibetmii tide, tue accuracy of tliit •taleroent is called 
in auettjon by John Oerard, by the geogiiotist MacClellaud, the editor 
of the CeJentla Jonrnal, and by Captain Thomas Huttou. assistant sur- 
veyor of the Agra Division. The nppearance of my work on Central 
Asia gnvo riso to a rrdiscussion of this question. A rorent number (vol. 
iv., Jnnnnry, 1844) of MiicCtolland and Grillitli's Calen/la Journal of 
Nsinral Hidorj coiitniiis, however, a very remarkable and decisive no- 
tice of tlie dcterminatifin of the snow-lino in the IlimnUyvs. Mr. Bat- 
ten, of the Bengal service, writos as follows from Canin Semnlka, on tlio 
Ooiilkih River, Kumaun: '* In tho July, 1843, No. 14 of your valuable 
Joamal of Natural History, which I have only lately bad the opportuni- 
ty of seeing, I read Csptain Mutton's paper on the snow of the Him^ 
layaa, and as I differed almost entirely from the conclusions so confi- 
dratly drawn by that gentleman, C thoucht it right, for the interest 
of seienttfic truth, to prvimro some kiml ot answer ; as, however, on a 
more attentive (verusul, I find that you yourself appear implicitly to 
adopt Captain Hutton*s views, and actunlly use these words, ' We have 
long been ounscious of the error here so well |>oiutefl out by Captain 
Hatton, in common with every one wko kae maUed Ike Himmlafoe,* I feel 
more inclined to address yea, in the first instance, and to ask wheth€»r 
yoQ will publish a short reply which I meditate ; and whether yo«r 
acta to Captain Hutton*s paper was written after your own full and 
careful examination of the subject, or merely on a general kind of ao> 
qoiescence with the fact and opinions of your able contributor, who ia 
so well known and esteemed as a collector of scientific data T Now I 
Mi one wlio have visitc«l tho llimnlaya on the western side; I have 
erossod the BoroiMlo or B<Mirin rnss into tho Biispa Valley, in Lower 
Sanawar, roluming into tiio Uownion MtNuilains of (llinrwal by the 
Koopin Taas} I have visited Uio smirve of tlio Jumna at Juronootaeei 
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those of a purely physical naturOi since it exercises no moon* 
siderable degree of influence on the mode of life of numerous 
tribes — the meteorological processes of the atmosphere being 
the controlling causes on which depend the agricultural or 
pastoral pursuits of the inhabitants of extensive tracts of con* 
tinents. 

As the quantity of moisture in the atmosphere increases 
with the temperature, this element, which is so important for 
the whole organic creation, must vary with the hours of the 
day, the seasons of the year, and the dideronces in latitude 
and elevation. Our knowledge of the hygrometric relations 
of the Earth's surface has been very materially augmented 
of late years by the general application of August's psych rem* 
eter, framed in accordance with the views of Dalton and 
Daniell, for determining the relative quantity of vapor, or the 

and, moving eastward, the boufcos of the Kalee or Miindaknee braucb 
of the Ganges at Kodarnath; of the Vishnoo Guiiga, or Ahiknunda, at 
Duddriuath and Matia; of the Pindur at the foot of the Great Peak 
Nuiididevi; of the Dliouleo branch of the Ganges, hoyond Noetce, cross- 
ing and rocniMMig tliu puss of that nanio into Thibet ; of Uio Gui-co or 
f^reat branch of the Sarduh, or Kulee, near Oontu Dhoora, beyond Me- 
um. I have also, in my official capacity, made the settlement of the 
Bhote MebaU of this province. My residence of more than six years 
in tlie hills has thrown me constantly in the way of European and na- 
tive travelers, nor have I neglected to acquire information from tlie re- 
corded labors of others. Yet, witli all this experience, I am nre|mi*ed 
to affirm tliat ike perpeluai snow-line uata higher elevation on tne north- 
ern slope of * the Himalaya' than on the southern slope. 

'* The facts mentioned by Ouplain Button appear to me only to refer 
to the northern sides of alt mountains in these regions, and not to aflect, 
in any way, the refKirts of CapUiin Webb and others, on which Hum- 
boldt formed his tlieory. Indeed, how can any facts of one obsur\'or in 
one place falsify the facts of anothor observer in another place T I will- 
ingly allow that the north side of a hill retains tlie snow longer and 
deeper than the south side, and this observation applies equally to 
heights in Bhote ; but Humboldt's theory is on tliu (juestion of the per- 
petual snow-line, and Oaptain Hultoii's references to Simla and Mus- 
sooree, and other mountain sites, are out of place in this question, or 
else lie lights against a shadow, or an objection of his own creation. 
In no part of his paper does he quote accurately the dictum which ho 
wishes to oppose." 

If the mean altitude of the Thibetian highlands be 11,510 feet, they 
admit of comparison with the lovely and fruitful plateau of Ouxamarca 
in Peru. But at this estimate they would still be 1300 feet lower than 
the plateau of Bolivia at the Lake of Tilicaca, aud the causeway of the 
town of Potosi. Ladak, as appears from Vigne's measurement, by de- 
termining the boiling-point, is 9994 feet high. This is probably also 
the altitude of H'Lassa (Yul-suns), a monastic city, which Ohiiiesn 
writers describe as tlio realm of feature, aud which is surround pd by 
Yiueyordt. Must not these lie in deep valleys T 
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condition of moisture of tho attnosnhcre, by meant of the diA 
fcreuce of tho ileto point and of tho temperature of the air. 
Temperature, atraoepherie pressure, and the direction of the 
wind, are all intimately connected with the vivifying action 
of atmospheric moisture. This influence is not, however, so 
much n consequence of the quantity of moisture held in solu- 
tion in diflercnt zones, as of the nature and frequency of the 
precipitation which moistens the ground, whether in the form 
of dew, mist, rain, or snow. According to the exposition made 
by Dove of the law of rotation, and to the general views of 
this distinguished physicist,* it would appear that, in our 
northern zone, " the elastic force of the vapor is greatest with 
a southwest, and least with a northeast wind. On the west- 
em sido of tho windrose this elasticity diminishes, while it in- 
creases on tho eastern sido ; on the former side, for instance, 
tho cold, dense, and dry current of air repcb the warmer, 
lighter current containing an abundance of aqueous vapor, 
while on the eastern side it is the former current which is 
repulsed by the latter. The southwest is the equatorial cur- 
rent, while the northeast is the sole prevailing polar ourrent." 
The agreeable and fresh verdure which is observed in many 
trees in districts within the tropics, where, for Ave or seven 
months of the year, not a cloud is seen on tho vault of heaven, 
and where no perceptible dew or rain falls, proves that the 
leaves are capable of extracting water from the atmosphere 
by a peculiar vital process of their own, which perhaps is not 
alone that of producing cold by radiation. The absence of 
rain in the arid plains of Cnmana, Core, and Ceara in North 
Brazil, forms a striking contrast to tho quantity of rain which 
falls in some tropical regions, at, for instance, in the Havana, 
where it would appear, from the average of aix years* observ- 
ation by Ramon do la Sagra, the mean annual quantity of 
rain is 109 inches, equal to four or Ave times that which falls 
at Paris or at Gcnova.f On the declivity of tho Cordilleraa, 

* See Dore, MdtorolorUcke Vergleieknng von Nordamerika und En- 
ropa, ill SchuuMcher'* jMrbuckftkr 1841, ■. 311 ; ami bit M€l4oroUgiaek$ 
UniersmekungeHt s. HO. 

t Tlio mean •nntial qaaiititj of rmin that foil in Psrit botween 1809 
snd 183^ was fooiMl by Arago to bo 20 inchoa; in London, betwoon 
1812 and 1827, il waa determined by Howard at 25 inchaa; while at 
Genera the mean of ihirly-two yeara obaenration waa 30*5 tnchea. to 
Hindoatan, near ttie coaat, the quantity of rain ia from 115 to 128 incbeai 
and in Uie iaUnd of Cuba, fiillv H2 iucbot fell in the yoar 1821. With 
reffanl to the diatrilNitiiin of iImi niiantity of min in Central Rumpe, at 
diHerent periods of the year, tec tlie admimhto roaearcbea of Uaaparin, 
Scboow, and Draraia, in the BibU^thiqmt Umi9trMU§, t aaznil, p. 64 
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the quantity oi rain, as well as tho temperature, diminishes 
with the increase in the elevation.* My South Ameiioan 
fellow- traveler, Caldos, found that, at Santa F^ de Bogota, 
at an elevation of almost 6700 feet, it did not exceed 37 
inches, heing consequently little more than on some parts of 
the western shore of Europe. Boussingault occasionally oh* 
served at Quito that Saussure's hygrometer receded to 26^ 
with a temperature of from 53^*6 to 55^-4, Gay-Lussao 
saw the same hygrometer standing at 25^*3 in his great aero- 
static ascent in a stratum of air 7034 feet high, and with a 
temperature of 39^' 2. TIio greatest dryness that has yet 
been observed on the surface of the globe in low lands is 
probably that which Gustav Rose, Ehreuberg, and myself 
found in Northern Asia, between the valleys of the Irtisch 
and the Oby. In the Steppe of Platowskaja, after southwest 
winds had blown for a long time from tho interior of the Con- 
tinent, with a temperature of 74^*7, wo found the dew point 
at 24^. The air contained only V^ytlis of aqueous vapor.f 
Tho accurate observers Kdmtz, Bravais, and Martins have 
raised doubts during tho lost few years regarding tho greater 
dryness of the mountain air, which appeared to bo proved by 
the hygrometrio measurements made by Saussure and my- 
self in the higher regions of the Alps and the Cordilleras. 
The strata of air at Zurich and on the Faulhorn, which can 
not be considered as an elevated mountain when compared 
with non-European elevations, furnished the data employed 
in the comparisons made by these observers.^ In the tropical 
region of the Paramos (near the region where snow begins to 
fall, at an elevation of between 12,000 and 14,000 feet), some 
species of large flowering myrtle-leaved alpine shrubs are al- 
most constantly bathed in moisture ; but this fact does not 
actually prove the existence of any great and absolute quan- 
tity of aqueous vapor at such an elevation, merely affording 

and 2G4 ; Tableau du Climat de V Italic, p. 7G ; mid Martina's notes to 
liis oxccllont French tmniilution of Kamtz's Vorletungen aber Meteorol' 
ogie, p. 142. 

* According to Doussingaalt (Eeonomie Rurale, t. ii., p. 603), the 
mean quantity of ruin that fell at Marmato (latitude 5<^ 27', altitude 
4675 feet, and mean temperature 69^) in tho years 1833 and 1834 was 
64 inches, while ot Santa F6 de Bogota (latitude A<^ 36', altitude 8685 
feet, and mean temoerature 58^^ it onl^ amounted to 39^ inches. 

t For the particulars of this observation, see nw Ade CeiUraU, t. iii.. 
p. 85-89 ana 567 ; and regai'ding the amount or vapor in the utmos* 
phere in the lowlands of tropical South America, consult my Rilak 
HUt,, U i., p. 242-248; t. ii., p. 45, 164. 

t K&mtz, VorUtungen 1ib$r Mcteorologie, s. 117. 
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an evidence of the frequency of aqaeout precipitation, in like 
manner aa do tho frequent mists with which the lovely pla- 
teau of Bogota is covered. Mists arise and disappear several 
times in the course of an hour in such elevations as these, and 
with a calm state of the atmosphere. These rapid alteraa 
lions characterize the Paramos and the elevated plains of the 
chain of the Andes. 

The dectricUy of the cUmospheret whether considered in 
the lower or ip the upper strata of tho clouds, in its silent 
problematical diurnal course, or in the explosion of the light- 
ning and thunder of tho tempest, appears to stand in a mani- 
fold relation to all phenomena of the distribution of heat, of 
the pressure of the atmosphere and its disturbances, of hydro* 
meteoric exhibitions, and probably, also, of the magnetism of 
the external crust of the earth. It exercises a powerful in 
Quence on the whole animal and vegetable world ; not mere- 
ly by meteorological processes, as precipitations of aqueous va- 
por, and of the acids and ammomaoal compounds to which it 
gives rise, but also directly as an electric force acting on the 
nerves, and promoting the circulation of the organic juices. 
This is not a place in which to renew the discussion that has 
been started regarding the actual source of atmospheric eleo- 
trioity when the sky is clear, a phenomenon that has altern- 
ately been ascribed to the evaporation of impure fluids im- 
pregnated with earths and salts,* to the growth of plants,! or 
to some other chemical decompositions on the surface of tho 
earth, to the unequal distribution of heat in the strata of tho 
air,t and, finally, according to Peltier's intelligent resoarchcfl,{ 
to tne agency of a constant charge of negative electricity in 
the terrestrial globe. Limiting itself to results yielded by 
elect rometric observations, such, for instance, as are furnished 
by the ingenious electro-magnetic apparatus first proposed by 
Colladon, the physical description of the universe should 
merely notice the incontestable increase of intensity in tho 
general positive electricity of the atmosphere,!! accompanying 
an increase of altitude and the absence of trees, its daily va- 
riations (which, according to Clark's experiments at Dublin, 

* R«gttrding the oondittooii of electricitj from armporation at high 
temperature*, tee Peltier, in the AmmaUi dt Citmie, t. Ixxv., p. 330 

t Poaillet, in the Annalei tU Ckiwug, i. xxxv., p. 405. 

t De la Rive, in hia admirable Estai Hidoriqut §mr PEUctricUi, a 
140. 

^ Peltier, in tho CompUi Rmtdus He FAead. de§ Scieneet, t xii., p 
107 ; Becquerel, Trttiii de rEiectrieUi el dm MagmiUsme, t iv., p. 107 

I Daprex, ^«r VEUetrieUi de VAir (BmxeUea, IS44), p. 6^-«l 
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take place ut more complicated periods than thoie fomid by 
Sausfiure and myself), aad its variations in the difierent 
Boasous of the year, at difierent distances from the equator, 
and in the difierent relations of continental or oceanic sur 
face. 

The electric equilibrium is less frequently disturbed where 
the aerial ocean rests on a liquid base than where it impends 
over the land ; and it is very striking to observe how, in ex- 
tensive seas, small insular groups aflect the condition of the 
atmosphere, and occasion the formation of storms. In fogs, 
and ill the commencement of falls of snow, I have seen, in a 
long series of observations, the previously permanent positive 
electricity rapidly pass into the negative condition, both on 
the plains of the colder zones, and in the Paramos of the Cor- 
dilleras, at elevations varying from 11,000 to 16,000 feet. 
The alternate transition was precisely similar to that indica- 
ted by the electrometer shortly before and during a storm.* 
When the vesicles of vapor have become condensed into clouds, 
having do6uite outlines, the electric tension of the external 
surfuco will be iiicroasod in pro|)ortion to the amount of elec- 
tricity which passes over to it from the separate vesicles of 
vapor.f Slate-gray clouds are charged, according to Peltier*! 
experiments at Paris, with negative, and white, red, and or- 
ange-colored clouds with positive electricity. Thunder clouds 
not only envelop the highest summits of the chain of the An- 
des (I have myself seen the electric efiect of lightning on one 
of the rocky pinnacles which project upward of 15,000 feet 
above the crater of the volcano of Toluca), but they have also 
been observed at a vertical height of 26,650 feet over the low 

* Humboldt, Rilation Hittorunte^ t. iii., p. 318. I here only refer 
to thoae of my experiments in which the tbree-fuot metallic conductor 
of Sauisure's electrometer was neither moved upward nor downward, 
nor, according to Volta's proposal, armed with burning sponge. Those 
of my readers who are well acquainted with the quttHionu vesaUe of 
atmospheric elecUicity will understand the grounds for this limitation. 
Respecting the formation of storms in the tropics, see my Ril, Hut., t. 
ii., p. 45 nud 202-209. 

t Qay-Lussac, in the AnnaieM de Chimie et de Phytique, t. viii., p. 167. 
In cousequence of the discordant views of Lam6, Becqoerel, and Pel- 
tier, it is difficult to come to a conclusion regarding the cause of the 
S|>ecific distribution of electricity in clouds, some of which have a poe- 
itive, and others a negative tension. The negative electricity of the 
air, which near high wuter-falls is caused by a disintegration of the 
drops of water — a fact originally noticed by Tralles, and confirmed by 
myself in various latitudes — is very remai'kable, and is sufficiently in- 
tense to produce an appreciable effect on a delicate electrometer at a 
djitauce of 300 or 400 feet 
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Itndi in tho tomporato Bono.* Somotimet, howerer, the 
•tratum of cloud from whioh the thunder prooeods links to a 
dittanoe of 6000, or, indeed, only 3000 feet aboTO the plain. 

Aooording to Arago's inveetiffationi — ^the mott comprehen* 
live that we poMeas on this difficult branch of meteorology — 
the evolution of lifht (lightning) is of three kinds — ^zigzag, 
and sharply defined at the edges ; in sheets of light, illumin- 
ating a whole cloud, which seems to open and reveal the light 
witlun it ; and in the form of fire-balls.t The duration of the 
two first kinds scarcely continues the thousandth part of a 
second ; but the globular lightning moves much more slowly 
remaining visible for several seconds. Occasionally (as is 

S roved by the recent observations, which have confirmed tho 
escription given by Nicholson and Beccaria of this phenom- 
enon), isolated clouds, standing high above the horizon, con- 
tinue uninterruptedly for some time to emit a luminous ra- 
diance from their interior and from their margins, although 
there is no thunder to be heard, and no indication of a storm ; 
in some cases even hail-stones, drops of rain, and flakes of snow 
have been seen to fall in a luminous condition, when the phe- 
nomenon was not preceded by thunder. In the geographical 
distribution of storms, the Peruvian coast, which is not visited 
by thunder or lightning, presents the most striking contrast to 
the rest of tho tropical zone, in which, at certain seasons of 
tho year, tliundor-storms ooour almost dailv, about four or five 
hours ailor tho sun has reached tho rooridian. According to 
the abundant evidence collectod by Arago| from tho testimony 
of navigators (Scorcsby, Parry, Ross, and Franklin), there can 
be no doubt that, in general, electrio explosions are extremely 
rare in high northern regions (between 70^ and 76° latitude). 
The meteorological portion of the descriptive history of na 
ture which we are now concluding shows that the proc es ses 
of the absorption of light, the liberation of heat, and the va- 
riations in the elastic and electric tension, and in the hjrgro- 
metric condition of the vast aerial ocean, are all so intimate- 
ly connected together, that each individual meteorological 
process is modified by the aotion of all the others. The oom- 

* Armgo, io the Ammuairt du Bwrmu ie$ LmgUmdM pemr 1838, p. 846. 
t Armgo, op. eiL, p. 249-366. (See, alto, p. 268-S79.) 
X Arafo, op. cit, p. 388-391. The leenied teedeinioiaii Von Beer, 
who he* done to much for the meteorology of Northern Asia, hai not 
taken into oooaidermtion tho extreme rantj of ■torma in Iceland and 
Greenland; \w hm vn\y xtmmrknA (BidUUm it t Acadtmk 4m 8L Pitmri- 
h^mrg, 1839, Blai) that la Nora Zambia and Bpitsbergeo it ia i 
teaara to thunder. 

Vol. I— P 
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plicated nature of these disturbing causes (which inToluntaxOy 
remind us of those which the near and especially the smallest 
cosmical bodies, the satellites, comets, and shooting stars, are 
subjected to in their course) increases the difficulty of giving a 
full explanation of these involved meteorological phenomena, 
and likewise limits, or wholly precludes, the possibility of that 
predetermination of atmospheric changes which would be so 
important for horticulture, agriculture, and navigation, no less 
than for the comfort and enjoyment of life. Those who place 
the vuluo of mutoorology iu this problematic species of predic- 
tion rutlior than ia the knowledge of the phenomena them- 
solves, are firmly convinced that this branch of science, on ac- 
count of which so many expeditions to distant mountainous 
regions have been undertaken, has not made any very consid- 
erable progress for centuries past. The confidence which they 
refuse to the physicist they yield to changes of the moon, and 
to certain days marked in the calendar by the superstition of 
a by-gone age. 

'* Great local deviations from the distribution of the mean 
temperature are of rare occurrence, the variations being in 
general uniformly distributed over extensive tracts of land. 
The deviation, after attaining its maximum at a certain point, 
gradually decreases to its limits ; when these are passed, how- 
ever, decided deviations are observed in the opposite direction. 
Similar relations of weather extend more frequently from south 
to north than from west to east. At the close of the year 1829 
(when I had just completed my Siberian journey), the maxi- 
mum of cold was at Berlin, while North America enjoyed an 
unusually high temperature. It is an entirely arbitrary as- 
sumption to believe that a hot summer succeeds a severe win- 
ter, and that a cool summer is preceded by a mild winter." 
Opposite relations of weather in contiguous countries, or in 
two corn-growing continents, give rise to a beneficent equali- 
zation ia the prices of the products of the vine, and of agricul- 
tural and horticultural cultivation. It has been justly re- 
marked, that it is the barometer alone which indicates to us 
the changes that occur in the pressure of the air throughout 
all the aerial strata from the place of observation to the ex- 
tremest coafines of the atmosphere, while* the thermometer 
and psychrometer only acquaint us with all the variations oo- 
eurring in the local heat and moisture of the lower strata of 

* * Kimtz, in SchumacUer'i Jakrbueh far 1838, ■. 285. Bagardinc 
the oppcMita distribution of heat in the oast and the west of Europe ana 
North America, see Doto, Riptrtorium ier Pkytik, bd. iii., s. 392-395 
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air in oontaoi with tho grotmd. Tho timaltaneoiii thennio 
and hygrometrio modifications of tho upper rogions of the air 
oan only be learned (when direct obeervaliont on moantain 
stations or aerostatic ascents are impracticable) from hypo- 
thetical combinations, by making the barometer serve both as 
a thermometer and an hygrometer. Important changes of 
weather are not owing to merely local causes, situated at the 
place of observation, but are the consequence of a disturbance 
m the equilibrium of the atrial currents at a great distance 
from the surface of the Earth, in the higher strata of the at- 
mosphere, bringing cold or warm, dry or moist air, rendering 
the sky cloudy or serene, and converting the accumulated 
masses of clouds into light feathery cirri. As, therefore, tho 
inaccessibility of the phenomenon is added to the manifold 
nature and complication of tho disturbances, it has always 
appeared to me that meteorology must first seek its founda- 
tion and progress in the torrid zone, whore the variations of 
the atmospheric pressure, the course of hydro-meteors, and 
the phenomena of electric explosion, are all of periodic oocnr- 
rence. 

As we have now passed in review the whole sphere of in- 
organic terrestrial life, and have briefly considered our planet 
with reference to its form, its internal heat, its electro-mag- 
netic tension, its phenomena of polar light, the volcanic reac- 
tion of its interior on its variously composed solid crust, and, 
lastly, tho phenomena of its two-fold envelopes — the aerial and 
liquid ocean — we might, in accordance with the older method 
of treating physical goography, consider that wo had com- 
pleted our clescriptivo history of the globe. But the nobler 
aim I have proposed to myself, of raising the contemplation 
of nature to a more elevated point of view, would be defeated, 
and this delineation of nature would appear to lose its most 
attractive charm, if it did not also includo tho sphere of or- 
ganic life in the many stages of its typical tlovclopmont. The 
idea of vitality is so intiinatelv assooiaUMl with tlio idea of tlio 
existence of the active, ever-blending natural forces which an- 
imate the terrestrial sphere, that the creation of plants and 
animals is ascribed in the most anoient mythical representa- 
tions of many nations to these forces, while tho condition of 
the surface of our planet, before it was animated by vital 
forms, is regarded as coeval with the epoch of a chaotio 
conflict of the struggling elements. But tho empirical do* 
main of objective contemplation, and the delineation of our 
planet in its present condition, do not iuolude a oonsideratioa 
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of the mysterious and insoluble problems of origin and exis^ 
once. 

A cosmical history of the universe, resting upon faots as its 
basis, has, from tlie nature and limitations of its sphere, neces- 
sarily no connection with the obscure domain embraced by a 
history of organisms^* if we understand the word history in 
its broadest sense. It must, however, be remembered, that 
the inorganic crust of the Earth contains within it the same 
elements that enter into the structure of animal and vegeta- 
blo organs. A pliysical cosmography would therefore be in 

* Tho kisioiy o/planis, which Rndlichor ond Ungor have dofcribod 
in a tnoit iniiiitorly iiiauucr {Qrundz^gc der Botanik, 1843, ■. 449-468), 
I inviitilf sepuratud fixjin tho geography of planli half a century ago 
In the aphurisnu appended to my SuUerranean Fiora, the following 
poAsago occurs : ** Qeognosia naturam animanteni et inanimam vel, ut 
vocabulo minus apto, ex antiquitate saltern hand petito, atar, corpora 
organica aqua ac morgauica considerat. Sunt euim tria quibus aosol 
vitur capita : Qoographia oryctologica quam simplicitor Geognosiam vel 
Qoolo^iam dicunt, virquo ucutissirous Wernenis egregie digessit ; Qeo- 
graphia zoologica, cuius doctriniB fuudamenta Zimmermannus et Tre* 
virauiis jeceruut ; et Geographia plautamm quum waualus nostri diu in- 
tactum reliquoruut. Geographia plautorum viaculu et cognationem 
tradit, quibus omuia vegotabdia inter se counexn sint, terns tractus 
quos teueant, in aerem atmospbaaricum quic sit eorum vis ostendit, saxa 
atque rupes quibus potissimum algarum primordiis radicibusque destm- 
antur docet, et quo pacto iii telluris superficie humus nascatur, com- 
memorat. Est itaquo quod ditferat inter Ueognosiam et Physiographiam, 
ki$toria naturalis perperam nuncupatam quum Zoognosia, Phytognosia, 
et Oryctognosia, qum quidem omnes in nature investigation^ versantur, 
non nisi singulorum animalium, plautamm, rerom metallicamm vel 
(venia sit vemo) fossilium fonnas, anatomen, vires scrutantur. Historia 
Telluris, Qeognosie maeis quam Physiographiis affinis, nemini adhuo 
tentata, plantarum auimaliumque genera orbem iuhabitantia primsBvnm, 
misratiuuoa eorum compluriumque interitum, ortum quern montet, 
valies, suxonim strata et venu) metallifono ducunt, uorem, mutatis tom- 
ponim vicibus, modo purum, modo vitiatum, terns superficiem humo 
plautisquo iiaulatim outectam, fluminum inundantium impetu denno 
uudutam, ileruuiquo siccatam ut gruuiiuo vostitam commomorat Igi* 
tur llisluriu xoolugicu, Ilistoriaplautanim ot Historia oryctologica, qu0 
nun nisi pristinuui urbis temu statum indicant, a Goognosia probe dia- 
tiuguundut." — lluuilMildt, F^ra Friburgenns SulUerranea, euituceduni 
ApKorUmi ex Pkytiologia Chemiea Plantarum, 1793, p. ix.-x. Respect- 
ing the " spontaneous motion,*' which is referred to in a subsequent 
purt of tho text, see the remarkable passage in Aristotle, De Calo, ii., 
2, p. 284, Dekker, whore the distinction between animate and inanimate 
bodies is made to depend on the internal or external position of the 
seat of the determining motion. ** No movement," says tlie Stasirite, 
** proceeds from the vegetable spirit, because plants are buriea in a 
still sleep, from which nothing can arouse them" (Aristotle, De OenertU* 
Animal., v. i., p. 778, Bekker); and again, "because plants have no 
desires which incite tliem to spoutaneons motion." (arist., De 8omn^ 
et Vifiil., cap. i., p. 455, Bekker.) 
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ocMnpleta if it were to omit a oonmderation of theee foroei, end 
of the fubetanoei which enter into solid and fluid oomhina* 
tions in organic tiaeuct, under conditions which, from our igno- 
rance of their actual nature, we designate hy the rague term 
of vit€U farces, and group into Tarious systems, in accordance 
with more or less perfectly conceiTcd analogies. The nat- 
ural tendency of the human mind iuYoluntarily prompts ui 
to follow the physical phenomena of the Earth, through all 
their varied series, until wo roach tho final stage of the mor- 
phological evolution of vegetable forms, and tho sclf-dotcrmin- 
mg powers of motion in animal organisms. And it is by these 
links that tlie geograjihy of organic beings^-of plants and 
aninuds — ^is connect^ with tho delineation of the inorganio 
phenomena of our terrestrial globe. 

Without entering on the diflicult question of spontaneous 
motion, or, in other words, on the diflerence between vegeta- 
ble and animal life, we would remark, that if nature had en- 
dowed us with microscopic powers of vision, and the integu- 
ments of plants had been rendered perfectly transparent to 
our eyes, the vegetable world would present a very difierent 
aspect from the apparent immobility and reposo in which it 
is now manifested to our senses. The interior portion of the 
cellular structure of their organs is incessantly animated by 
the most varied currents, either rotating, ascending and de- 
scending, ramifying, and ever changing their direction, as 
manifested in tho motion of tho granular muotis of marine 
plants (Naiades, Charaoeos, llydrocharido)), and in tho hairs of 
phanerogamic land plants ; in the molecular motion first dis- 
covered oy the illustrious botanist Robert Brown, and which 
Riay be traced in the ultimate portions of every molecule of 
matter, even when separated from the organ ; in the gyratorv 
currents of the globules of cambium (cycUms) circulating in 
their peculiar vessels ; and, finally, in the singularly articula- 
ted self-unrolling filamentous vessels in tho anthcridia of tho 
ehara, and in the reproductive organs of liverworts and a]g«, 
in the structural conditions of which Meyon, unhappily too 
early lost to science, believed that he recognized an analogy 
with the spermatozoa of the animal kingdom.* If to th< 



* [" In certAiii p«rU, probably, of mil plmnte, are foand pecaliar spiral 
BlamenU, having a •triking reaemblance to the •nermatosoa of animak. 
They have been long known in the organs called the antheridia of 
moenea, llepaticir, and Clinraccip, ami nave more riMrently been dia> 
covered in pecaliar cells on the germinal frond of ferns, and on the 
very ^oang leaves of the buds oi Phanerogamia. They are found in 
necoliar ceila, aod when theae are placed in water they are ton by the 
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manifold currents and gyratory movements we add the plio 
nomena of endosmosis, nutrition, and growth, we shall have 
some idea of thoso forces which are over active amid the ap 
parent repose of vegetable life. 

, Since I attempted in a former work, Ansichten der Natur 
(Views of Nature), to delineate the universal diffusion of life 
over the whole surface of the Earth, in the distribution of 
organic forms, both with respect to elevation and depth, our 
knowledge of this branch of science has been most remarkably 
increased by Ehrenberg*s brilliant discovery *' on microscopic 
life in the ocean, and in the ice of the polar regions*' — a ais- 
covcry based, not on deductive conclusions, but on direct ob- 
servation. The sphere of vitality, wo might almost say, the 
horizon of life, has been expanded before our eyes. " Not 
only in the polar regions is there an uninterrupted develop- 
ment of active microscopic life, where larger animals can no 
longer exist, but we find that the microscopic animals collect- 
ed in the Antarctic expedition of Captain James Ross exhibit 
a remarkable abundance of unknown and often most beautiful 
forms. Even in tho residuum obtained from the melted ice, 
swimming about in round fragments in the latitude of 70° 10', 
there were found upward of fifly species of silicious-shelled 
Folygastria and Coscinodisco) with their green ovaries, and 
therefore living and able to resist the extreme severity of the 
cold. In the Gulf of Erebus, sixty-eight silicious-shelled Foly- 
gastria and Phytolitharia, and only one calcareous-shelled Poly- 
thalamia, were brought up by lead sunk to a depth of from 
1242 to 1620 feet." 

The greater number of the oceanic microscopic forms hith- 
vTto discovered have been silicious-shelled, although the anal- 
ysis of sea water does not yield silica as the main constituent, 
and it can only be imagined to exist in it in a state of suspen- 
sion. It is not only at particular points iu inland seas, or in 
tho vicinity of tho land, that the ocean is densely inhabited 
by living atoms, invisible to the naked eye, but samples of 

filament, whicb commexicet an active tpiral motion. The signification 
of these organs is at present quite unknown ; they appear, from the 
researches of Nageli, to resemble the cell mucilase, or proto-plasma, 
in composition, and are developed from it. Schleiden regards them as 
mere mucilaginous deposits, similar to those connected with the ciroii* 
lation in colts, and ho contends that tho movement of these bodies in 
wutor is unulogous to thu molecular motion of small particles of organic 
Olid inorganic substances, and do|)eiidson mochoiiiculcausos." — Oittimet 
»/ 8iruelura( »nd Phyiiological Botany, by A. Ilenfi-ey, F.L.S., &€., 
1R4G, p. 23.]— rr 
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water taken an by Schayer on hit return from Van Diemen*e 
Land (touth of the Cape of Good IIope» in 67^ latitude, and 
under the tropics in the Atlantic) show that the ocean in its 
ordinary condition, without any apparent discoloration, eon* 
tains numerous microscopic moTing organisms, which bear nd 
resemblance to the swimming fragmentary silicious filaments 
of the genus Chntoceros, simuar to the OsciUatoria so common 
in our fresh waters. Some few Polygastria, which have been 
(bund mixed with sand and excrements of penguins in Cock- 
bum Island, appear to be spread over the whole earth, while 
others scom to be peculiar to the polar regions.^ 

Wo thus find from the most recent observations that ani- 
mal life predominates amid the eternal night of the depths of 
ocean, while vegetable life, which is so dependent on the pe- 
riodic action of the solar rajfs, is most prevalent on continenta. 
The mass of vegetation on the Earth very (ar exceeds that 
of animal organisms ; for what is the volume of all the large 
living Cetacea and Paohydermata when compared with the 
thickly -crowded colossal trunks of trees, of from eiffht to twelve 
feet in diameter, which fill the vast forests covenng the trop- 
ical region of South America, between the Orinoco, the Ama- 
zon, and the Rio da Madeira ? And although the character 
of different portions of the earth depends on the combination 
of external phenomena, as the outlines of mountains — the 
physiognomy of plants and animals — the azure of the sky— 
the forms of the clouds— and the transparency of the atmos- 
phere—it must still be admitted that the vegetable mantle 
with which the earth is docked constitutes the main feature 
of the picture. Animal forms are inferior in mass, and their 
powers of motion often withdraw them from our sight. The 

* See Ehrenberg't treatise Uebtr da» kUmtU Lt^tn im Oetan, reed 
before tbe Academy of Science at Berlin on the 9th of Mav, 1944. 

[Dr. J. Hooker found Diatomacen) in coantlott nambert between the 
parallelt of 60^ nnd 80^ toutli, where they ^vo a color to the tea, and 
alto to the icebergs floating in it Ttie death of tliose bodies in lbs 
Booth Arctic Ocean is proaocinc a sabmarine de|)osit, consisting en- 
tirely of the silicioos particles of which the skeletons of these vfl«eC». 
bles are composed. This dejpoeit exists on the shores of Victoria Land 
and at the base of the volcanic moontain Erebos. Dr. Hooker aoooaot> 
ed for the fiict that the skeletons of Diatomacev had been (bond in tbe 
lava of volcanic mountains, by referring to these deposits at Meant 
Erebus, which lie in such a position as to render it quite possible thai 
tbe skeletons of these vegetsbles shoold pass into the lower fissorea of 
tbe mountain, and then pawing into the stream of lava, be thrown oat, 
auacted unou by tlio lioat to wiitch they have boon ex|KMcU. See 1>r. 
Hooker's Paper, read before the British Associstion at Oxford, Jolj, 
IS47.1— Tr. 
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vegetable kingdom, on the contrary, acts upon our imagination 
by its continued presence and by the magnitude of its forms ; 
for the size of a tree indicates its age, and here alone age is 
associated with the expression of a constantly renewed vigor.* 
In the animal kingdom (and this knowledge is also the result 
of Ehrenberg's discoveries), the forms which we term micro- 
scopic occupy the largest space, in consequence of their rapid 
propagation.! The minutest of the Infusoria, the Monadioie, 
have a diameter which does not exceed ^^^th of a line, and 
yet those silicious-shollod organisms form in humid districts 
subtorraiioan strata of many fathoms in depth. 

The strong and boncficial iiifiuonco oxorcisod on the feelings 
of mankind by the consideration of the di (Fusion of life through- 
out the realms of nature is common to every zone, but the im- 
pression thus produced is most powerful in the equatorial re- 
gions, in the land of palms, bamboos, and arborescent ferns, 
where the ground rises from the shore of seas rich in moUusca 
and corals to the limits of perpetual snow. The local distri- 
bution of plants embraces almost all heights and all depths 
Organic forms not only descend into the interior of the earth 
where the industry of the miner has laid open extensive ex 
cavations and sprung deep shafts, but I have also found snow 
white stalactitio columns encircled by the delicate web of an 
Usnea, in caves where, meteoric water could alone penetrate 
through fissures. PodurellsB penetrate into the icy crevices of 
the glaciers on Mount Kosa, the Grindelwald, and the Upper 
Aar ; the Chionssa araneoides described by Dalman, and the 
microscopic Discerea nivalis (formerly known as Protococ- 
cus), exist in the polar snow as well as in that of our high 
mountains. The redness assumed by the snow after lying on 
the ground for some time was known to Aristotle, and was 
probably observed by him on the mountains of Macedonia.} 

* Humboldt, Antiehten der Natvr (2te Ausgabe, 1826), bd. ii., i. 21. 

t On maltinlioatiou by ipontonooai divition of the motbei^corpusclo 
and intercalaUoo of new tubstance, see Ehrenberg, Von den jetxl Ubeu' 
den Thierarten der Kreidelnldung, in the Abkandl. der Berliner Akad, 
der Wiu.t 1839, t. 94. The most powerful productive faculty iu na- 
ture is that manifested in the Vorticelle. Estimations of the ereatest 
possible development of masses will be found in Ehrenberg's great 
work. Die Infusion$ihierchen ali voUkommne Orgcmiimen, 1838, s. xiii., 
ziz., and 244. " The Milk)r Way of these organisms comprises the 
genera Monaa, Vibrio, Bacterium, and Bodo." The universality of life 
IS so profusely distributed throughout the whole of nature, that the small- 
er Infusoria Five as parasites on the larger, and are thomsclves inoabit- 
ed by others, s. 194, 211, and 512. 

t Aristot., Hiti. Animal., v. xiJL.p. 552. Bekk. 
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While, on the lofViest Bammits of the Alpe, onlv Leeiden, 
ParmeluD, and UrobUic&ris cast their colored bnt sean^ 
•oTering over the rocks, exposed by the melted snow, beanti- 
fal phanerogamic plants, as the Culoitiura rufescens, Sida 
pinchinohensis, and Saxifraga Boussingaulti, are still found 
to flourish in the tropical region of the chain of the Andes, at 
an elevation of more than 15,000 feet. Thermal springs con- 
tain small insects (Hydroporus thermalis), Gallionelln, Oscilla- 
toria, and Conferrao, while their waters batho the root-fibers o( 
phanerogamic plants. As air and water are animated at dif- 
ferent temperatures by the presence of vital organisms, so like- 
wise is the interior of the different portions of animal bodies. 
Animalcules have been found in the blood of the frog and the 
salmon ; aocordinff to Nordmann, the fluids in the eyes of fishes 
are often filled with a woml that lives by suction (Diplosto- 
mum), while in the gills of the bleak the same observer has 
discovered a remarkable double animalcule (Diplozoon para- 
doxum), having a cross-shaped form with two heads and two 
caudal extremities. 

Although the existence of meteoric Infusoria b more than 
doubtful, it can not be denied that, in the same manner as the 
pollen of the flowers of the pine is observed every year to fall 
urom the atmosphere, minute infusorial animalcules may like- 
wise be retained for a time in the strata of the air, afVer hav- 
ing been passively borne up by currents of aqueous vapor.* 
This circumstance merits serious attention in reconsidering 
the old discussion respecting spontaneous generation^ and the 

* Ebreoberg, op. cit, t. xir., p. 122 and 493. Thia rapid nraltipUca- 
tion of microaoopio organiMiM k, in the csm of totiM (m, for instaooe, 
in wbaat-eeli, wheel-aniiiMlt, and water-beara or taraigrade animaW 
eulea), accompanied by a remarkable tenacity of life. They have been 
•eoii to come to life from a state of apnaront doatli afU>r hein^ dried 
fi>r twenty-eight cUyi in a vaetinm with chlorido of limo and miiphnrio 
toid, and aAor being ei|wiiiod to a lioat of 241P. Boo tlio beaatuul ex- 
periments of Doyiro, in M4m. tur let TmuUffradtt €i tmr kmr j^r^wfUU 
d4 rtwtmir ^laiie, 1842, p. 119, 129, 131, 133. Oompare, also, Bhren 
ber^, s. 492->496, on the revival of animalooles that had been dried 
danng a space of many years. 

t On the supposed "primitive transformation'* of organised or nnor 
aaoized matter into plants and animab, see Chrenberc, in Poggmi- 
dorTs Aumaitn d»r Pkytik, bd. xxiv., s. 1-48, and also his ia/iMMS* 
tkiercken, s. 121, 525. and Job. MSller, Pkytiologu d«t Mtmsehen (4t« 
Aufl., 1844 V bd. i., s. 8-17. It appears to me woriliy of notice that one 
of the early fathers of the Cliarch, 8t Aagustinr, in treating of the 
question how idaodt may havA been covered with new animals and 
plants aAer the flood, shows himself in no wa^ disinclined to adopt the 
view of the so-called "spsntaaeoos generataoa'* {gwMrmUc 
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more bo, as Ehrenberg, as I have already remarked, has dis- 
covered tliat the nebulous dust or sand which marinen ofVeii 
encounter in the vicinity of the Cape Verd Islands, and even 
at a distance of 380 geographical miles from the African shore, 
contains the remains of eighteen species of silicious-shelled pol- 
ygastric animalcules. 

Vital organisms, whose relations in space are compnvd un- 
der the head of the geography of plants and animals, may be 
considered either according to the diflerence and relative num- 
bers of the types (thoir arrangement into genera and species), 
or according to tlio number of individuals of each speoies on a 
given area. In the mode of life of plants as in that of ani- 
mals, an imjjortant dilTercnce is noticed ; they either exist in 
an isolated state, or live in a social condition. Those species 
of plants which I have termed social^ uniformly cover vast 
extents of land. Among these we may reckon many of the 
marine Algto— -Cladonio) and mosses, which extend over the 
desert steppes of Northern Asia — grasses, and cacti growing 

spoHlanea aut pr%maria\, " If,'* auyi lio, " animali liavo nut boon 
broujjlit to romote mIuuJii by angels, or perbatxi by iubabitanto of coa 
tineiiU addictod to ^le chase, they must have been spontaaeously pro- 
duced upon the earth ; although here the question certainly arises, to 
what purpose, then, were animals of all kinds assembled in the arkt" 
" Si e terra ezorto) sunt (bestio)) secundum orifinem primam, quando 
dixit Dous : Produeal terra animam viwam ! niuTto clanus apparet, non 
tam reparandorum animalium causa, quam figurandarum variarum gen- 
tium (f ) propter ecclesis sacramentum in area fuisse onmia genera, si in 
insulis quo transire non possent, multa animalia terra produxit." Augus* 
tinus, De CivtUUe Det, lib. xvi., cap. 7 ; Opera, ed. Monach, Ordinie 8, 
Benedicti, t. vii., Venet., 1732, p. 422. Two centuries before the time of 
the Bishop of Hippo, we find, by extracts from Tragus Pompeius, that 
the generatio primaria was brought forward in connection with the 
earliest drying up of the ancient world, and of the high table-land ol 
Asia, precisely in the same manner as the terraces of Paradise, in the 
theory of the great Linniuus, and in the visionary hypotheses entertain- 
ed in the oightooulh century rogardiuff tlie fabled Atlantis : '' Quod si 
omnes quonuuni tornu subHiursu) prolimdo fuorunt, profucto cditissi* 
mam quumquo |mrtum ducurrantibus aijuis primum dotoctam; humil- 
limo autum solo eaudom uquam diutissime immoratam, et quanto jirior 
quu>quo pars torrarum siccuta sit, tap to prius animalia generara caspisse. 
Porro Scythiam adeo oditiorom omnibus terris esse ut cuncta flumina 
ibi nata in Mieotium, tum deinde in Ponticum et iEgyptium mare de- 
currant." — Justinus, lib. ii., cap. 1. The erroneous supposition that the 
laud of Scylhia is an elevated table-land, is so ancient that we meet 
with it most clearly expressed in Hippocrates, De JEre et Aquie, cap. 
6, ^ 96, Ooray. '* Scythia," says he, " consisU of high and naked 
plains, which, without being crowned with mountains, ascend higher 
and higher toward the north.*' 

* Humboldt, Aphorismi ex Pkynokgia Chmmioa Flaniarum, in the 
Fiara Frihergentu Subterranea, 1793, p. 178. 
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* Humboldt, Aphoriimi ex PhytioUgia Ckemica Planiarum, in the 
Flora Fribergende Subterranea, 1793, p. 178. 
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tribution of heat over the surface of the earth, and when the 
arraugemont of vegetable forms in natural families admitted 
of a numerical cslimate being made of the diflurenl iurins 
which increase or decrease as we recede from the equator to- 
ward the poles, and of the relations in which, in different parts 
of the earth, each family stood >vith reference to the whole 
mass of phanerogamic indigenous plants of the same region. 
I consider it a' happy circumstance that, at the time during 
which I devoted my attention almost exclusively to botanical 
pursuits, I was led by the aspect of the grand and strongly 
characterized features of tropical scenery to direct my investi- 
gations toward these subjects. 

The study of the geographical distribution of animals, re- 
garding which BuHbn first advanced general, and, in most 
instances, very correct views, has been considerably aided in 
its advance by the progress made in modem times in the 
geography of plants. The curves of the isothermal lines, and 
more especially those of the isochimenal lines, correspond with 
the limits which are seldom passed by certain species of plants, 
and of animals which do not wander far from their fixed hab- 
itation, either with respect to elevation or latitude.* The 

* [The following valuable remarkt by Prufeasor Forbes, on the cor- 
respondence exbliug between the disliibution of existing faunas and 
floras of the British Islands, and the geological changes that have alTect- 
od their area, will bo read with much interest ; tliuy have been copied, 
by the author's permission, from the Survey Report, p. IG : 

*' If the view I have put forward respecting the origin of the flora of 
the British mountains be true — and every geological and botanical nrob- 
ability, so liir as the area is concerned, uvors it — then must we endeav- 
or to find some more plausible cause than any yet sliown for the pres- 
ence of numerous species of plants, and of some animals, on the higher 
parts of Alpine ranges in Europe and Asia, specifically identical with 
animals and plants indigenous in regions very far north, and not found 
in the intermediate lowlands. Toumefort first remarked, and Hum- 
boldt, the great organizer of the science of natural history geography, 
demonstrated, that zones of elevation on mountains correspond to par 
allels of latitude, the higher with the more northern or southern, as the 
case might \^, It is well known that this correspondence is recogniz- 
ed in the general faeies of the flora and fauna, dependent on generic 
correspondences, specific representatives, and, in some coses, specific 
identities. But when announcing and illustrating the law that climatal 
Eones of animal and vegetable life are mutually repeated or represented 
by elevation and latitude, naturalists have not hitherto sufliciently (if 
at all) distinguished between the evidence of that law, as exhibited by 
r§fruetUati9« ipeciti and by identical. In reality, the former essen- 
tially de|)end on the law, the latter being an accident not necessarily 
de|>enduut upon it, and which bus hitherto not been accounted for. In 
the oaso of the Alpino flora of Britain, tlio ovidencu of the activity of 
tUo luM, and the influence of the aocidont, are iosoparoble, the law Im^ 
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•Ik, (or instanco, livos in the Scancliiiayian poninfula, alinoft 
teti dcgrocs further north than in the interior of Siberia, whfiie 
the line of equal winter temperature is to remarkably ooneave. 
Plants migrate in the germ ; and, in the ease of many speeiet, 
the seeds are furnished with organs adapting them to be oon- 
Teyed to a distance through the air. When once they have 
taken root, they become dependent on the soil and on the 
strata of air surrounding them. Animals, on the contrary, can 
at pleasure migrate from the equator toward the poles ; and 
this they can more especially do where the isothermal lines 
are much inflected, and where hot summers succeed a great 
degree of winter cold. The royal tiger, which in no respect 
dilfers from the Bengal species, penetrates every summer mto 

log mnintained by • transported flora, for the traotmiMioo of which I 
have shown wo can not account br an anpoal to unquestionable geo- 
kigical events. In the case of tbo Ai|>s ana Oarpatliians, and sodm oUim 
mountain ranges, we 6nd the law maintained partly by a re|iresenta- 
tire flora, special in its region, t. «., by specific centers of their own, 
and |»artly by an assemblage more or less limited in the several ranget 
of identical species, these latter in several cases so numerous that or- 
dinary modes of transportation now in action can no more account fer 
their presence than they can for the presence of a Norwocian flora oo 
the British mountains. Now I am pro|iared to maintain tnat the saoio 
means which introduced a sub-Arctic (now mountain) flora into Britain, 
acting at the same epoch, originated the identity, as for as it goes, or 
the Alpine floras of Middle Europe and Central Asia; for, now that we 
know the vast nron swept by tho glacial sen, including almost tlio wlioJe 
of Contml nnd Northorn Rnn>po, and bolted bV land, since greatly up- 
lifted, which tliun ]»rosontcd to tho wator's odgo those cliinatnl concll- 
tious for which a sub-Arctio flimi — dostined to become Alpine— was 
specially orgauizetl, the difliculty of deriving snch a flora from its par- 
ent north, and of diflusing it over the snowy hilb bounding this clacial 
ooean, vnnishes, and the presence of identical species at such aistant 
points remain no lonser a mystery. Moreover, when we consider that 
U|e greater part of the northern hemisphero was under such climalal 
conuitions during the epoch referred to, the undoubted evidences of 
which have boon umdo known in Europe by numerous British and 
Oontinental observom, on tlio bounds of Asia by Sir Roderick Murchi- 
ion, in America by Mr. LyoU, Mr. Loj^nn, Captain Bayfield, and oth- 
ers, and that the botanical (and soological as well) region, essentially 
northern ond Al|riue, designated by rrofessor Schouw that ' of saxi- 
fimges and mosses,' and first in his classification, exists now only oo 
the flanks of the great area which suffered such conditions; and that, 
though similar conaitions reappear, the reUtionsliip of Alpine and Arotao 
Te||etation in the southern nemisphere, with that in tne northern, ie 
entirely maintained by rtprt$ent€U$P€, and not by identical species (the 
representative, too. being in ^roat nart generic, and not specific), the 
general truth of my oxplnnnlion ot Alpme florns, including identical 
species, tiociimos so Mtn»iig. that tho vinw pniinisod acquires fair claiuM 
lo be ranked as a theory, and not considerou merely a oooy anient or 
hold hyi>othosi«."]— Tr. 
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■Mociation of macoiui granalcs eonsti lutes a dofinitoly-fonnad 
eytoblast, around which a ycsicular mcmbrano forms a closed 
cell/' this cell being either produced from another pro-existing 
edl,* or being due to a cellular formation, which, as in the 
ease of the fermentation-fungus, is concealed in the obscurity 
of some unknown chemical process.! But in a work like the 
present we can Tenture on no more than an allusion to the 
mjfsteries that involve the question of modes of origin ; the 
geography of animal and vegetable organisms must limit itself 
to the consideration of germs already developed, of their hab- 
itation and transplantation, either by voluntary or involuntary 
migrations, their numerical relation, and their distribution 
over the surface of the earth. 

The general picture of nature which I have endeavored to 
delineate would be incomplete if I did not venture to trace a : 
few of the most marked features of the human race, considered \ 
with reference to physical gradations — to the geographical 
distribution of cotemporaneous types — to the influence exer- 
cised upon man by the forces of nature, and the reciprocal, 
althou^ weaker action which he in his turu exercises on / 
these natural forces. Dependent, although in a lesser degree | 
than plants and animals, on the soil, and on the metcorolog-; 
ieal processes of the atmosphere with which he is surrounded 

escaping more readily from the control of natural forces, by 
aetivity of mind and the advance of intellectual cultivation, 
tio less than by his wonderful capacity of adapting himself to 



all climates — ^man every where becomes most essentially asso-x 
eiated with terrestrial life. It is by these relations that the \ 
obscure and much-contested problem of the possibility of one \ 
common descent enters into the sphere embraced by a general 
physical cosmography. The investigation of this problem will 
impart a nobler, and, if I may so express myself, more purely 
human interest to the closing pages of this section of my work. 
The vast domain of language, in whose varied structure wo 
see mysteriously reflected the destinies of nations, is most inti- 
mately associated with the affmitv of races ; and what even 
slight differences of races may effect is strikingly manifested 
in the history of the Hellenic nations in the zenith of their 
intellectual cultivation. The most important questions of the 
eivilization of mankind are connected with the ideas of raoes, 

* Schleidoa, Omndxlkge dtr whtenschaftliekem Boianik, 1843, th. L, 
■^ 192-197. 
t [Oq cellular formation, see Heofrey't Ouilinsi of Strudnrml mmi 
Boianf, op. cit, p. 16-3S.] — TV. 
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oommunity of language, and adherence to one original direo> 
tion of the intellectual and moral faculties. 

As long as attention was directed solely to the extremes in 
varieties of color and of form, and to the vividness of the first 
impression of the senses, the ohserver was naturally disposed 
to regard races rather as originally difierent species than as 
mere varieties. The perm anence of certain types* in the midst 
of the most hostile influences, especially of climate, appeared 
to favor such a view, notwithstanding the shortness of the in- 
terval of time from which the historical evidence was derived. 
In my opinion, however, more powerful reasons can he ad- 
vaucod in support of the theory of the unity of the human 
race, as, for instance, in the many intermediate gradations! 
in the color of the skin and in the form of the skull, which 
have heen made known to us in recent times hy the rapid prog- 
ress of geographical knowledge — the analogies presented by 
the varieties in the species of many wild and domesticated am* 
mals — and the more correct observations collected regarding 
the limits of fecundity in hybrids.^ The greater number of 
the contrasts which woro formerly supposed to exist, have dis- 
appeared before the laborious researches of Tiedemann on the 
brain of negroes and of Europeans, and the anatomical inves- 

* Tacitus, in hit tpeculationi on the inhabitants of Britain (Afrieola, 
cap. ii.), distinguishes with much judgment between that which may 
be owing to the local climatic relations, and that which, in the immi- 
grating races, may be owing to the onchangeable influence of a hered- 
itary and transmitted type. " Britanniam qui mortales initio colnerunt, 
indigene an advecti, ut inter barbaros, parum compertum. Habitus 
corporis yarii, atque ex eo argumenta ; namque rutile Galedoniam hab- 
itant! um comie, magni artus Germanicam originem adseverant. Silu 
rum colorati vultus et torti plerumque crines, et posita contra Hisponia, 
Iberos veteres traiecisse, easque cedes occupasse fidem fiiciunt: prozi- 
mi Gallis, et similes sunt : sen durante origmis vi ; sen procurrentibus 
in diversa terris, positio cmli corporibus habitum dedit." Re^ardinff 
the persistency of types of conformation in the hot and cold regions of 
the eaith, and in tlio mountainous districts of iho New Continent, see 
my Relaiian Hiiiorique, t. i., p. 498, 503, and t. ii., p. 572, 574. 

t On tho American racos generally, soo the magnificent work of 
Samuel Qoorge Morton, entitled Crania Amerieana, 1839, p. G2, 86 ; 
and on the skulls brought by Pentbnd from the highlands ot Titicoca, 
see the Dublin Jovmal of Medical tutd Chemical Science, vol. v., 1834, 
p. 475 ; also Alcide d'Orbigny, Vkomme AmSricain contidiri »ou» see 
TomHe Phyeiol. et Mor., 1839, p. 221 ; and the work bv Prince Maxi- 
milian of Wied, which is well worthy of notice for the admirable ethno 
S-aphical remarks in which it abounds, entitled Reiee m doe Jnnere von 
brdaMmJka(1839). 

t Rudolph Wagner, Ueber BUndlin^e %nd Bastarderxeugungt in his 
notes to the German translation of Pnchard's Pkytical Hielory of Ma» 
kind, vol i., p. 138-150. 
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tigationi of Vrolik and Weber on the fbnn of the pelTis. On 
CompAring the dark-colored African nationi, on whose phyneal 
history the admirable work of Prichard hat thrown to much 
light, with the races inhabiting the islands of the South-In 
dum and West- Australian archipelago, and with the Papuas 
and Alfourous (Haroforas, Endamenes), we see that a black 
skin, woolly hair, and a negro-like cast of countenance are not 
neces sa rily connected together.* So long as only a small por- 
tion of the earth was known to the Western nations, partial 
Tiews necessarily predominated, and tropical heat and a black 
skin consequently appeared inseparable. " The Ethiopians," 
said the ancient tragic poet Theodoctes of Phasclis,t " are 
eolored by the near sun-god in his course with a sooty luster, 
and their hair is dried and crisped with the heat of his rajrs." 
The campaigns of Alexander, which gave rise to so many new 
ideas regarding physical geography, likewise first excited a dis- 
cussion on the problematical mfluence of climate on races. 
" Families of animals and pUnts,*' writes one of the greatest 
anatomists of the day, Johannes Miiiler, in his noble and com- 
prehensive work, Physiologie des Menschen^ " undergo, within 
certain limitations peculiar to the difierent races and species, 
Tarious modifications in their distribution over the surface of 
the earth, propagating these variations as organic types of spe- 
eies.| The present races of animals have been produced oy 

* Frichanl, op. cit., toI. ii., p. 334. 

t Onetieritat, in Strabo, xv., p. 690, 695, OMaub. Wolcker, OrU* 
elUseke Tragdikm^ abth. iti., a. 1078, conjectnrea that the veraaa of 
Tbeudoetea, cited by Strnbo, are taken from a lost tragedy, which prob* 
•My bore the title of ** Memnon.** 

I [In illaatration of this, the conclosiona of Profeaaor Edward Forbee 
respecting the origin and difToaion of the British flora may be cited. 
See the Smrwew Memoir already quoted. On ihs Commeciton h€twe9n tks 
DittH^miion of the exitimr Fauna tmd Florm of tko BHtiok Umnd», Btc., 
p. 65. " 1. Tlie flora niMl fanna, torrostrial aiNl marine, of the Uritiah 
lalaada and aeaii, have origiiiatoil, ao far as that arra it coticomod, since 
the meiooene epoch. S. The assembUgos of animals and phints con^ 
posing that fauna and flora did not appear in the area they n^iw inhabit 
•imaltaneously, but at several distinct points in time. 3. Both the fauna 
and flors of the British islands and seas are composed partly of sneciee 
which, either permanently or for a time, appeared in that area before 
the glacial epoch ; pertly of such as iohabitea it during that eyoch ; and 
is great part of those which did not appear there until aAerwmrd, and 
whose appearance on the earth was coeval with the elevation of the 
bed of the glacial sea and the consequent climatal changes. 4. The 
gra eler part of the terrestrial animals and flowering plants now inhsb- 
mag the British islands are members of specific centers beyond their 
area* and hsve migrated to it over continuous land before, during, or 
after the glacial epoch. S. The climatal conditaona of the area oadef 
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the cor pbined action of many diflbrent internal as well at ez« 
ternal couditionii the nature of which can not in all caaea be 
defincdi tlio most elriking variuiies being found in those fami- 
lies which are capable of the greatest distribution over the sur- 
face of the earth. The difierent races of mankind are forms 
of one sole species, by the union of two of whose members 
descendants are propagated. They are not difierent species 
of a genus, since in that case their hybrid descendants would 
remain unfruitful. But whether the human races have de- 
scended from several primitive races of men, or from one alone, 
is a question that can not be determined from experience."* 

Geographical investigaticns regarding the ancient seat, the 
so-called cradle of the human race, are not devoid of a myth- 

ducaasion, and north, east, and west of it, were Mverer during the £[la 
cial epoch, when a great part of the tpace now occupied by the Prilith 
islet waa under water, than they are now or were before ; but tliere ii 
good reason to believe that, so iar from tliose conditions having contiu« 
uod severe, or having gradually diminishud in severity soulhwai^ of 
Britain, tho oold region of tlio glaciul epoch came directly into contact 
with a region of more southern and thermal character than that in which 
the most soulhoni buds of ghioial drift are now to bo mot with. G. This 
statu of tilings did nut uiaturially dilVur from that now uxistiuff, under 
corresponding latitudes, in the North American, Atlantic, ana Arctio 
seas, and on their bounding shores. 7. The Alpine floras of Europe 
and Asia, so far as they are identical witli the flora of the Arctic and 
sub-Arctic zones of the Old World, are fragments of a flora which was 
diffused from the north, either by means of transport not now in action 
on the temperate coasts of Europe, or over continuous land which no 
4onger exists. The deep sea fiiuna is in like manner a fragment of the 
general glacial fauna. 8. The floras of the islands of the Atlantic re- 
gion, between the Gulf-weed Bank and the Old World, are fragments 
of the great Mediterranean flora, anciently diffused over a land consti- 
tuted out of the upheaved and never again submerged bed of the (sbal- 
low^ Meiocene Sea. This great flora, in the epoch anterior to, and 
prooably, in part, during the glacial period, had a greater extension 
northwaid than it now presents. 9. The termination of the glacial 
epoch in Bnrope was marked by a recession of an Arctic fiiuna and flora 
northward, and of a fauna and flora of the Mediterranean type south- 
wanl ; and in the interspace thus produced there appeared on land the 
Gormanic fauna and flora, and in the sea that fauna termed Celtic. 
10. The causes which thus preceded tlie appearance of a new assem* 
blugo of organized beings were tho destruction of many species of ani- 
mals, and probably also of plants, either forms of extremely local dis- 
tribution, or such as were not capable of enduring many changes of con- 
ditions— species, in short, with very limited capacity for horizontal or 
vertical diffusion. 11. All tho changes before, during, and after the 
glacial epoch appear to have been gradual, and not sudden, so that no 
marked line of demarkation can be drawn between the creatures in* 
habiting the same elumont and the same locality during two proximate 
|ieriods.'*l— 7V. 
* Job. M Qllor, Fkyiiohfie det Memchen, bd. ii., s. 768. 
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loal character. " We do not know/' says Wilhelm von Hnm 
boldt, ill an unpublished work On the varie/ies of Languojgei 
and Nations^ *' cither from history or from authentic tradition, 
any period of time in which the human race has not been 
divided into social groups. Whether the gregarious condition 
was original, or of subsequent occurrence, we have no historio 
evidence to show. The separate inythical relations found to 
exist independently of one another in diflerent parts of the 
earth, appear to refute the first hypothesis, and concur in 
ascribing the generation of the whole human race to the union 
of one pair. The general prevalence of this myth has caused 
it to bo regarded as a traditionary record transmitted from 
the primitive man to his descendants. But this very circum- 
stance seems rather to prove that it has no historical founda- 
tion, but has simply arisen from an identity in the mode of 
intellectual conception, which has every where led man to 
adopt the same conclusion regarding identical phenomena ; in 
the same manner as many myths have doubtlessly arisen, not 
from any historical connection existing between them, but 
rather from an identity in human thought and imagination. 
Another evidence in favor of the purely mythical nature of 
this belief is aflbrded by the fact that the first origin of man- 
kind — a phenomenon which is wholly beyond the sphere of 
experience — is explained in perfect conformity with existing 
views, being coiisidurod on tho principle of the colonization of 
some desert island or remote nionntaiiiotis valley Jit a [loriod 
when mankind had already existed for thousands of years. It 
is in vain that wo direct our thoughts to tho solution of tho 
great problem of the first origin, since man is too intimately 
associated with his own race and with the relations of time 
to conceive of the existence of an individual independently of 
a preceding generation and age. A solution of those difficult 
questions, which can not be determined by inductive reasoning 
or by exiwricnce — whether the belief in this presumed tradi- 
tional condition be actually based on historical evidence, or 
whether mankind inhabited the earth in gregarious associa- 
tions from the origin of the race— can not, therefore, be de- 
termined from philological data, and yet its elucidation ought 
not to be sought from other sources." 

The distribution of mankind is therefore only a distribution 
into vajicli€S,/^h\ch are commonly designated by the some- 
whot^liiJefriiite term races. An in tho vegetable kingdotn, 
and in the natural history of birds and fuihes, a classification 
into many small families is based on a surer foundation than 
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rather from an identity in human thought and imagination. 
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Latgiiogefl, as intcllociual orcaiioiui of man, and as clofcf y 
interwovon with tho dovdopmont of irJud, are, independonily 
of tho national (brm which they exhibit, of the greateat im« 
portance in tho recognition of aimilarities or dOlerencet in 
races. This importance is especially owing to the clew which 
% community of descent affords in treading that mysterious 
labyrinth in which the connection of physical powers and in- 
tellectual forces manifests itself in a thousand oiflerent forms. 
Tho brilliant progress made within the last half century, in 
Germany, in philosophical philology, has greatly facilitated 
our investigations into the national character* of languages 
and the inilueuce exercised by descent. But hero, as in all 
domains of ideal speculation, the dangers of deception are 
closely linked to the rich and certain profit to be derived. 

Positive ethnographical studies, based on a thorough knowl- 
edge of history, teach us that much caution should be applied 
in entering into these comparisons of nations, and of the lan- 
guages employed by them at certain epochs. Subjection, 
long association, the influence of a foreign religion, the blend- 
ing of races, even when only including a small number of the 
more influential and cultivated of the immigrating tribes, 
have produced, in both continents, similarly recurring phenom- 
ena ; as, for instance, in introducing totally diflerent families 
of languages among one and the same race, and idioms, having 
one common root, among nations of the most diflerent origin. 
Great Asiatic conquerors have exercised the most powerful 
influence on phenomena of this kind. 

But language is a part and parcel of the history of the de- 
velopment of mind ; and, however happily the human intel- 
lect, under the most dissimilar physical conditions, may unfet- 
tered pursue a self-chosen track, and strive to free itself from 
the dominion of terrestrial influences, this emancipation is 
never perfect There ever remains, in the natural capaoiti^fi — 1 
of the mind, a traco of something that has boon derived from / 
the influences of race or of climate, whether they be associated / 
with a land gladdened by cloudless azure skies, or with tho / 
vapory atmosphere of an insular region. As, therefore, rich- 1 
ness and grace of language are unfolded firom the most luxu-/ 

the Torsodi tod Dsungari (MongoUant), the Mma hsbits of noomdio 
life, ana the w^me um of lelt teoU, carried on wa^nt and pitched 
amoag herdi of cattle. 

* WaUolm Yon Ilamboldt, Ueber dU VerteKitienkeU tUr mmueUickim 
Sprockbanet, in hit groat work Uebtr dit Kawi-8pra€k4 mnj i*r hu^ 
Jamm, \x\. I, a. xxi., xlniL, sad ccxiv. 
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/riant depths of thought, "we have been unwilling wholly to 
disregard the bond which so closely links together the physical 
world wilh the sphere of intellect and of the feelings by de- 
priving this general picture of nature of those brighter lights 
and tints which may be borrowed from considerations, however 
slightly indicated, of the relations existing between races and 
languages. 

While we maintain the unity of the human species, wo at 
the same time repQl.the depressing wMUmption of superior 
and infurior raoes o(* mon.*'"There are* nations more sus- 
coptiLIc of cultivation, more highly civilized, more ennobled 
by mental cultivation than others, but none in themselves no- 
bler than others. All are in like degree designed for freedom ; 
a freedom which, in the ruder conditions of society, belongs 
only to the individual, but which, in social states enjoying po- 
litical institutions, appertains as a right to the whole body 
of the community. "If we would indicate an idea which, 
throughout the whole course of history, has ever more and 
more widely extended its empire, or which, more than any 
other, testifies to the much-contested and still more decidedly 
misunderstood perfectibility of the whole human race, it is 
that of establishing our common humanity— of striving to re- 
move the barriers which prejudice and limited views of every 
kind have erected among men, and to treat all mankind, with- 
out reference to religion, nation, or color, as one fraternity, one 
great community, fitted for the attainment of one object, the 
unrestrained development of the physical powers. This is the 
ultimate and highest aim of society, identical with the direc- 
tion implanted by nature in the mind of man toward the in- 
defuiite extension of his existence. lie regards the earth in 
all its limits, and the heavens as far as his eye can scan their 
bright and starry depths, as inwardly his own, given to him 
OS the objects of his contemplation, and as a field for the de- 
velopment of his energies. Even the child longs to pass tlie 
hills or the seas which inclose his narrow home ; yet, when 
his eager steps have borne him beyond those limits, he pines, 
like the plant, for his native soil ; and it is by this touching 
and beautiful attribute of man — this longing for that which 
is unknown, and this fond remembrance of that which is lost 
—that he is spared from an exclusive attachment to the pres- 

* The very cheerless, and, in recent timei, too often discussed doc- 
trine of the uneqaal rights of men to freedom, and of slavery as an in* 
•titution iu coufonnity wilh naturo, is unhappily found most syBtematio> 
ally developed iu Aristotle's PolUiea, i., 3, 5, 6. 
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ent. ThuB deeply rooted in the inncrmoBt nature of man, antf 
oven enjoined ujion liiin by his highest tondonoies, the roeog- 
nition of the bond of humanity bccotncs one of the noblest 
leading principles in the history of mankind.*'* 

With these words, which draw their charm from the depths 
of feeling, let a brother be permitted to close this general de- 
sori ption of the natural phenomena of the universe. From the 
remotest ncbulo) and from the revolving double stars, we have 
descended to the minutest organisms of animal creation, wheth- 
er manifested in the depths of ocean or on the surface of our 
globe, and to the delicate vegetable germs which clothe the 
naked declivity of the ice-crowned mountain summit ; and 
here we have been able to arrange these phenomena accord- 
ing to partially known laws ; but other laws of a more mys- 
terious nature rule the higher spheres of the organic world, in 
which is comprised the human species in all its varied con- 
formation, its creative intellectual power, and the languages 
to which it has given existence. A physical delineation of 
nature terminates at the point where the sphere of intellect 
begins, and a new world of mind is opened to our view. It 
marks the limit, but does not pass it. 

* Wilhelm von Hamboldt, Ueber die KawiSprachtt bd. iii., ■. 4S6. 
I tabjoiu the following extroct from this work : " The im|)eUioaa oon- 
qnesti of Alexander. Uie inore politic and premeditated extootion of 
territory mmle hy the Romana, tlio wild and crnel incnmionn of tlio 
Moxicana, and tlio doa|M)iic acqniniliouii of tlio incna, liavo in both lioml- 
•pberet contributed to put an end to the sonarato oxbtence of many 
tribes as independent nationn, and tended at tno aame time to ottabltao 
more extended intrrnntional amalgamation. Men of great and atrong 
minds, an well a« whole nationa, actrd under the hifluonco of one ides, 
the i^ority of which was, however, utterly unknown to them. It was 
Chrutiauity which 6rat promnlcated the truth of ita exalted charity, 
allhoiish the seed sown yielded but 2 slow and scanty harvest Before 
the religion of Christ manifested its form, its existence was oidy re- 
vealed by a faint foroslia4lowing presentiment. In recent timet, the 
idea ofciviliuition has ac<|nirod additional intensity, and 1ms given rise 
to a desire nf extending more widely the relations of iintioiial inter* 
conrse and of intellectual cultivation ; even seinshnoas begins to learn 
that by such a course its interests will be better served than by violent 
and forced isolation. Language, more than any other attribute of man* 
kind, binds together the wnole human race. By its idiomatic proper 
lies it certainly seems to separate nations, but the reciprocal under- 
standing of foreign languages connects men tosether, ot toe other \ 
frithoat injuring tndivMlaal national charactenstioa." 



ADDITIONAL NOTES 

TO TBI PktttfllT BOtTtOII. HAftCH, 1849. 



GioARTio Bi»Df OP New Zialahd. — ^Vol. i., p. S87. 
An extentiYO and hichlj intoreaUnf| collection of bonot, rorerrible to 
■OYerml tpeoiet of the Moa ( Dinornn of Owen), and to tliree or four other 

Eonera of birds, formed br Mr. Walter Mantell, of Wellington^ New Zeo- 
ind, hat recendr arriYea in England, and ia now deposited in the Drit- 
iah Mosenm. Thia leriea coniiita of between 700 and 800 ffieoiniena. 
belonging to different parta of the akeletona of manj indiridnalf of 
▼ariooa aitea and agoa. Some of the largest ▼ortobro, tibia, and fem- 
ora equal in magnitude the most gigantic preyiooaU known, while oth- 
ers are not larger than tho corresponding oones or the liTing apteryx. 
Among these relics are the §kulU and mtmdMn of two genera, the IH- 
N^niis and Palapitrjpc ; and of an extinct genus, Notorwii, allied to the 
Rallidm ; and the mandibles of a species of Neiior, a genus of noctnm 
al owl-like parrots, of which only two lirinff species are known.* 

These osseous remains are in a Yorj dinerent state of preserration 
from anj preriouslj receiired from New Zealand ; thej are light and 
|K>rous, and of a licht iiiwn*color ; the most delicate processes are en 
tire, and the articulating sur&oes smooth and uninjured ; frofprnmU* of 
tgg'iktUi, and €vtm tks bomf rmg§ oJik% InoeAsa aid mr tmb€§, art prt- 

Tho bones were dug up by Mr. Walter Mantoll from a bod of marly 
snnd, containing ma^etic iron, crystals of hornblende and augite. and 
the detritus of augitio rocks and earthT rulcanio tuff. This sand had 
filled up all the cavities and cancelli, out was in no instance consoli- 
dated or aggregated together ; it was, therefore, easilr remored by a 
soft brush, and the bones perfectly cleared without iigur^. 

The spot whence these precious relics of the colossal birds that once 
inhabited the islands of New Zealand were obtained, is a flat tract of 
land, near the embouchure of a river, named Waingongoro, not far from 
Wanganui, which has its riso in the volcanic reginiis oi Moimt Bgmont 
Tho nalivos alBrm tliat this lovel tract was one of tho pUcos firit dwelt 
ui>on by their romoto anoestorat niid this tradition is corruborntod by 
tho exittence of numerous heaps and pits of ashes and charred bones 
indicating ancient fires, long burning on the same spot In these firo- 
hearn Mr. Mantell (bund burned bones of men, smm, and ^fs. 

The fragments of egg-shelb, imbedded in the ossiferous deposits, had 
escaped tM notice of all previous naturalists. They are, unfortunately, 
very somII portions, the largest being only four inches long, but they 
afford a chord by which to estimate toe size of the original. Mr. Man- 
tell observes that the egg of the Moa must have been so Isrge that a 
hat would form a good egg-cup for it. These relics evidently belong 
to two or more species, perhaps genera. In some examples the ex- 



See Profeeeor Ow^m's Memoir ob thees foed muiae, la TeeWleel 
I.1M4 
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ternal surfiice is smooth ; iu others it is marked with short intercepted 
liueur groovos, resembling the eggs of some of the Struthionidii;, but 
distinct rroin all known recent tyi>cs. In this valuable collection only 
one bone of a mammal has been aetected. namely, tkefemur of a dog. 
An interesting memoir on the probable geological position and ago 
of the ornithic bone deposiu of New Zealand, By Dr. Mantell, based 
on the obserN-ations of his enterprisine son, is published in the Quarter- 
ly Journal of the Qeoloeical Society of London (1848). It appears that 
in many instances the bones are imbedded in sand and clay, which lie 
beneath a thick deposit of volcanic detritus, and rest on an argillaceous 
stratum abounding ni marine shells. The specimens found in the rivers 
ond streams have been washed out of their Donks by the currents which 
DOW flow through channels fram ten to thirty feet deep, formed in the 
more ancient alluvial soil. Dr. Mantell concludes that the islands of 
Now Zealand wero densely peopled at a jioricid geologically recent, 
thouffh historically remote, by tribes of eigantio brevi-penuato birds 
allied to Uie ostrich tribe, all, or almost all, of species and genera now 
extinct; and tliat, subsequently to the formation of the most ancient 
ornithic deposit, the sea-coast has been elevated from fifty to one hund- 
red feet auove its original level ; lionco the terraces of shingle and 
loam which now skirt tlio muritimo districts. Tlio existing rivurs niicl 
mountain torrents flow in deep pulleys which they have eroded in the 
course of centuries in these pleistocene strata, in like manner as the 
river courses uf Auverguo, in Central France, are excavated iu the 
mammifurous tertiary deposits of that country. The last of the gigantic 
birds were probably exterminated, like the dodo, by human ugtucyi 
some small species allied to the apteryx may possibly be met with in 
the unexplored pai-ts of the middle island. 

Thb Dodo. — A most valuable and highly interesting history of the 
dodo and its kindred* has recently appeared, in which the history, 
affinities, and osteology of the Dodo^ Solitaire, and other extinct birds 
of the islands Mauritius, Rodriguez, and Bourbon are admirably eluci- 
dated by H. G. Strickland (of Oxford), and Dr. Q. A. Melville. The 
historical part is by the former, the osteological and physiological por- 
tion by the latter eminent anatomist. AVe would earnestly recommend 
the reader interested in the most perfect history that has ever appear^ 
ed, of the extinction of a race of larse animals, of which thousands ex- 
isted but three centuries ago, to refer to the original work. We have 
only space enough to state that the autliors have proved, upon the most 
incontrovertible evidence, that the dodo was neither a vulture, ostrich, 
nor galliue, as previous anatomists supposed, but i frugiveroui pigeon, 

• TU Dodo and iu Kindred. By Messrs. Stricklsnd snd Mdvaie. 1 vol #\ 
wUk Ettmerotts pistes. Rsevos, LoMoa, 1818. 



INDEX TO VOL L 



Aiicii, nt*miMia. itiiietnral rrlatlOM of 
volcnnk*. ruvkii, VSH. 

Aeo»tl^ JoK|ili d«, Ultloria Natnnl do h» 
IndiM, 08, luo. 

Adana, Mr^ plNnet Neptimo. 8eo nolo 
by 'IVnnsUilur. 9U, 91. 

JEgM Pouniia, oa tho otroUlo of, 117, 
1*23. 

Clinn on Moant Mtnm^ 227. 

ieruUtcs (thoutiM •tnra, neteora, mete- 
oric Mone*. flre-mlb. ^.), cenenil do- 
•criplion ot 11U1U7: pbytlcal rharac* 
ter, 1 13-lS:t ; dare* of reinarkMble falla. 
114. 115; tbcir planetary velocity. 116- 
130; IHcna oflbc aock'iita on. US, 110; 
NoTcmbcr and Aagiut prrk>die falla of 
•booting atara, Ui^l^W, 194-126; tbclr 
dirvt Itun from one fioint in the beav- 
ena, 12U ; altitude, 12U: orbit, 197; Chi 
ticae nuticca of, IS8; media of comma- 
nlcation with oiber planetary budica, 
136 : ihcir eaaential difference from 
cometa. 1117: vpecillc wcighta, 116, 117; 
lar|^ meteoric atonea on ro«-ord, 117; 
chemical clcmenta. 117. 1'i9-I31 ; crua^ 
ISU. i:W: <l«*nlha orcati<mcd by. 135. 

ff>rliyluii, " rronN*tlicua IVIIron'd,** IMi. 

Ktiia, MuuMt, ita ilutratiuu, *JV, 2:29; 9ttt>* 

}Kiard cxiincUoii Itv llw ancivnta. 227 ; 
li rrn|itiunii Trum lateral MaMiri'a. 929 ; 
aimiUirity u( tfa xuiK'a of vegiiatloti to 
llioao ol Ararat, 347. 

Agaieis. Keeearcbea on FoaaU Flahee. 46, 
273-277. 

Alexander, loflueace of hb *T**1** oa 
physical acienrc, 333. 

Alpa. tho, «-li;rNtion ol, 9B, 29. 

Amhi;r. niararclioa on ita vtfctalilo origin, 
284 : UA|tt*«*rt on tlie amber tree of tlie 
ancient worlil (I'lnitoa aurrifcr), 263. 

Amp<ir«. Andr« Marin. Sfl. IKI, 230. 

AnaxAforaa on a€rolitca, 193 ; on Ibo Mr- 
rountUng ether. 1.14. 

Andea, the, their altitade, Ac. 8oo Cor- 
dilleraa. 

Anthlera. Peler MartTr de. remarked that 
lae palmetn and ptnHa were fonad ••• 
aociated together. 283, 983 ; Brat reeog- 
nited (1510) that the limit of perpetaal 
anow continura to aacend aa we ap- 
proach I be equator, 329. 

Animal llfr. ita unireraality. 340^5: aa 
vie wrd with mlcroacopic powera of via- 
lua. 34 1^46 : rapid nropagatioa and le- 
aMMty of lifn in nuimalcnlea, 344-046; 



■nhy of. 341-316. 
Aaning. NIm Mary, dlaeovrry of the Isk 
ba«r of Ibo acpia. aad of coprollloi of 



ftah, la Uio Um of LyaM RogU, fTt 
972. 

Aaatod'a. D. T., -Anelont Worid." 8nt 
Boti-a by Tnmalalor, 971, 979; 974, 961, 
2B7. 

Apian, Peter, on eomcti, 101. 

Apollonina Myndina, deacribed tho podit 
of cometa, lUU. 

Arago, hia ocular mkroBMter, 39 ; chro- 
matic pobirisation, 59 ; optical conaid* 
erationa, 85; on cometa. M^I(I6; uolar* 
Isation exiwrlmcnta on Uio liebt ol coot* 
eta, 1U5; a€rulitea, 114; on the Noreai* 
ber fall of meteora. 194 ; xodiacal llaht, 
143; motion of the tolar ayatoui, 146^ 
147 : on tho Increaae of heat at increno- 
ing deptha. ITJL 174 ; maanetlam of ro> 
Uiiion, 179, 180. horary obaerratioM of 
declination at Paris compared with •!• 
mnltanroua prrturbationa at Kaaaa, 
191 : diaeovery of Ibe inflnenco of maf- 
netie aforma on tlie course of the aoo- 
die. 194. 193 ; on south pobir banda, 19it 
on terreatrial light, 9(M ; phenuBMnoa 
of auppktmeniary rainbowe, 290; ob> 
serve«l the dt^cpnat Artesian wella to bo 
tho warnieat, 223; explaaatkNi of tho 
aliaetKre of m rufrlgrration ol tcmiiom* 
tore in Ihe kiwi;r strata of the Medilor* 
raneaii, 3U3 ; obaervatioos oa tlio nM*aa 
annual quantity of rain la Paris, !IXIj 
his Inveatbiatlouo oa tho ovolutloa or 
lightning, XI7. 

Aravbindcr oa the comet of 181 1, 100 ; oo 
toe BM>tion oftho solar ayslem. 146, 149 } 
OB tho light of the Aarora, 195, 196. 

Ariatarrboa of Hamos, Ihe ploaeer of iIm 
(^pernican sysl«*ni, 65. 

Arisliitlr. Ii3 ; hIa ilrflnition of Cosmoo, Oi{ 
aao of tin* Irrm hiMory, 73 ; on coaiet% 
lai, 104 ; oa the Ligyan flvkl of aloaci^ 
113;aerulitra, 122; on the stone of ^got 
Potamoa. 133 ; aware that nolaca 
timea existed withoatonnhqaal 
his aecoant of tho aphenvala of i 
of eruption, 941; ''apo 
Uoa,** 341 ; noUced the rrd 
ed by long fallea snow. 344. 

Artesian wella, trmporaturo of, 174. 911. 

Aatrooomy, results of. 38-40; pbeaomoao 
of pbTslcal astronomy, 43, 44. 

Atmosphere, the. geoeral deacrlplioa oC 
311, 316; lis compoaitioa aad adailK. 
tare. 319; variation of prosaare, 313- 
317; climaUe dlatHliolkNi of heal. 313^ 
3I7-32S : distHbul oa of bnmldity. 31^ 
398, 7N; oloctrie coadiltoa, 314, JEM- 
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August hif ptiychrorootcr, 333: 
Auguctino, tit., hU view* ou •pontaneoua 

generation, 345, 346. 
Aurora Horcolia, gcuurol dcacrlpUon of, 
]93-2ini; origin iind courw, VJ5, 19U; 
alUlude, 19U ; brillinncy coincident witii 
tho fall of thootinjg atara. 12(>. rJ7; 
whether attended with crackling lound, 
199 SOO; intenaity of its Ught, 201. 

Aacon, Lord, 53^ 58; Norum Organon, 
•J90. 

Baur, Von, 337. 

narumutor, tho, Incroaao of lt« height, at- 
lundtjd liy a du|)rea«lo» of tliu luvul of 
lliu auu, !;K)d; horary oacilliitiuna uf, 3H. 
315. 

Datliiii, Mr, luUttr, ou the auow-liiio of ihu 
twu vidua of tlio lliiniUayna, 331. 33± 

Beaururt. Capt., obaorvud tho viniMion* 
of Inttakumablo gas, on the CarHmunian 
coast, «« described by Fliny, 233. See, 
also, note bv Translator, :&3. 

Beaumont, Elie de, on tlie uplifting of 
mountain chains, SU 3U0 ; hitlucnce of 
Uiu rucks of melauhy re and serucutlno, 
in the southern auclivitics of tne Alps, 
on pendulum ex|M;rimenta, 167; con- 
jectures on Uio quurtz strata of tlie Col 
do la ruissoiiidru. iXll 

£eccarta, observation uf steady luminous 
appcarsnce in tlio clouds, SUQ ; of light- 
ning clouds, unaccompanied by thun* 
der or indications of storm, 337. 

Beechey, Capt., 97 ; observations on the 
temperature and density of the water 
of tne ocean under difterent zones of 
longitude and latitude, 306. 

Bembo, Cardinal, his obaenrstlons on the 
eruptions of Mount ^tua, 2S9 ; tlicorv 
of tuu necessity of tho proximity of vol- 
canoes to tho sea, 843; vegetation on 
the declivity of iEtna. 347. 

B^rard, Capt. shooting sturs, 110. 

Bortuu, Count his Imrumctrical measure- 
munts of the Dead dca, fJUti. 

Berzelios ou the chemical elements of 
aerolitea, 130, 131. 

Benzenberg on meteors and ahooting 
stars, 119. ISO; their periodic return in 
August 12& 

Bcssel's theory on tlio oscillations of the 

a$ndulum,44 ; pendulum experiments, 
I ; ou the parallax of 61 Cygni,68; on 
IJulIey's comet 102, 103, 104 ; on tho as- 
cent of shootina stars, 123 ; on their par- 
tial visibility, 128 : veloci^ of the sun's 
translatory motion, 145; mass of tho 
star 61 Cygnl. 148; parallaxes and dis- 
tances ot fixed stars. 153 ; comparison 
of measurements of degrees, 165, 166. 

Hot on tho phenomenon of twilight 118; 
on the zodiacal light 141 ; pendulum 
experiments at Bordeaux, 170. 

hiot Edward, Chinese observations of 
coincU. 101, 109; of adrolites, 128. 

BIschuf on the iiitcritir heut of the globe, 
..4 7.219,235,244,294. 

^lurni nbach. his classification of the races 
>fnion,3S6. 



Dfickh, origin of tho sLciont myth of tb« 

Nemean lunar lion, 134, 135. 
BogusUiwski, falls of shooting stars, 119 

Boiipland, M., and Humboldt on tho p»> 
lagic oluills found on tho ridgo of the 
Andes, 45. 

Dopp, derivation of the word Cosmos* 
70. 

Boussingault, on the depth at which is 
found the mean annual tempernturo 
within the tropica, 175; on tho volca- 
noea of New Granada, 217 ; on the tem- 
perature oftiio earth in tho tropics, 2'iO 
221 ; tumiieraturo oftiio tliermol springs 
of Las Trinchuras, 222; his iuvo«tign< 
tidiia on the clmmical analysis uf tiio a^ 
niuMplicru. 311, 312; on Uio lueau an- 
nual (|UttiiUty of ruin in dilTurvul parts 
of South America, 333, 334. 

Bouvard, M., 105 : his observations on that 
portion of the horary oocillations of tho 
pressure of the atmonphere, which do 
pends on the attraction of the moon 

3ia 

Brainidus y truenos of Ouanaxoato, 209, 
210. 

Brandos, Uils of shooting iUra, 114, 116 
height and velocity of shooting stara, 
120; Uieir periodic lalla. 125^ 12U. 

Bruvais, on the Aurora, 201 ; on the daily 
oscillations of the barometer in 7(JP 
north latitude, 314 ; distribution of the 

auantity of rain in Central Europe, 334; 
oubts on the greater dryness of mount- 
ain air, 334. 
Brewster, Sir David, first detected the 
connection between the currature of 
magnetic lines and my isothermal lines^ 
193. 
Brongnlart, Adolphe, luxurianco of the 

Srimitivo vegetable world, 2l8; fossil 
era contained in coal measures, 280. 

Brongnlart Alexander, formation of rib- 
bon Jasper, 259 ; one of the founders of 
tho arcliaiolugy of organic life, 273. 

Brown, Robert first discoverer « tf moloc- 
ular motion, 341. 

Buch's, Leopold von, theory on the eleva- 
tion of continents and mountain chains^ 
45; on tho craters and circular form 
of the island of Palma, 226 ; on volca- 
noes, 234, 238, 242, 243, 247 ; on meta- 
morphic rocka, 249-252; 260. 863, 264 ; 
on the origin of various conglomerates 
and rocks ofdetritus. 269; classification 
of ammonites, 276, 277; physical causes 
of tho elevation of continents, 295 ; on 
the chon{K2S in height of tbo Swedish 
coasts, 2So. 

Buckland. 272 ; on tho fossil flora of the 
coal measures, 279. 

Button, his views on the geographical dis- 
tribution of animals, 348. 

Burckhardt on the volcano of Medini^ 
246; on tho hornitos do JoruUo, see 
note by Translator, 230. 

Bunies, Sir Alexander, on tho purity of 
tho atmosphere in Bokhara, lli4 prop 
agatiou of shocks of narthquakes, 21^ 
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CaDltf, La, peBdvlnm meMuremenli at 

tho Cape of Good Hope, 160. 
Caldaa. qaantilj of rala at Saata F6 do 

DogoCa.334. 
Caniarau'a Ma HittarUd* TUactUi, 14a 
Capooct, bb obaarvatloaa oo periodic lalla 

oraCroUtea. 198. 
Carllnl, jeodoilc experlmeata la Lombar* 

dy. 1«: lloaat Ceola, 17a 
Carrara marble. 963, 963. 
Cama, hU dcllnltion of *• Natore,** 4L 
Catpian 8oa, ita perlodio riae and (all, 207. 
Caaaini, Dominfcna, oa the sodlacal Ucht, 

130, HO; hyputbeala oo, 141; hia die- 

coTet7 of tho apberoldal form of Jnpl> 

ter. 164. 
Cantloy, Capt, and Dr. Folcoacr, diacov* 

err of algantie foaaUa In the IliinalaTaa, 

970. ale. alao. note bj Tmntlator, S7a 
CarnOlea, Ant enlertjifned the Idea of 

•eelng araaa grow, 149. 
CaTendTaa, ote of ihe tortioa balance to 

defennlne tbe meaa doialtj of the 

Earth. 170. 
Chnllia, rrofeaaor. on tbo Aurora, March 

19 aad Oct 94th. 1847, tee note by 

Translator. 193. 199. 
Chardin. noticed la Peraia flie famoaa 

comet of 1068. called ** ayxek." or ** pe- 
tite buKre,** 130. 
Charp^ntier, M-, belemnltoi found tn the 

Erimitivo Umratone of the Col do la 
eiano, 961 ; gladcra, 3S9. 

Chcnttitij aa diatinfuUhcd from phyiica, 
63 : cbcrokal alHnity, 63. 

Chevnndicr, calcalationi on tho carbon 
contained In the troca of the foreata of 
onr teoiperato sonea, S81. 

Cliildrry llrat dcacrlbed the todiaeal Ught 
In hia HritJinnla Raconka, 136. 

Chlnrao acconnta of comcta, 09, 100, 101 ; 
•hooting start. 198 ; ** Are aprinn.** 198 1 
knowledge nf the magnetic neeola, 180; 
electro- magnetkm, 188, 189. 

Chlndnl on metrorie Monca, kc^ 118, 
133 ; oo the aelenic orlgia of atroHtaa, 
191 : on the aoppoaed ^Moomeooo of 
ascending shooting stars. 199 ; oa the ob- 
scnratlon of the Siun's diak, 1.13 ; »oaad- 
flgurea, 133; polsatioaa la the taila of 
cometa, 143. 

Choi«onl. his rhart of Lemnos, 946. 

CliromnUc polsHintion. Hco PolarlsaUon. 

CirrtMrumolus cloud. 8ro Cloada. 

Cirrous strata. 8oe Clouds. 

Clark, bis expcrimcnta on tlie Tarlatlona 
of stmospbcrie electricity. 335, 336. 

nisrke. J. (1. of Malae, U. &, oa the comet 
of 1843, lOa 

aimatic distribution of heat, 313, 317- 
398 : of humidity, 398, 333. 334. 

CUmNtology. 317-^99; cHmate, general 
sense or317. 318. 

Clouds, their cWnrtrie tension, color, and 
bHitht. 336, 337; ronn«ction of drroua 
stmta wlih the Aumrn llon^nlla, 196; 
rirrommtilns clou'l. |tltrn«wnrna of. 
197 ; htmltton*. 'jrni: l)o»f on ll»c4r for- 
mation and apne«ninc«*, 313,316; oArn 
on a bright aaauaer skj Ihe 
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"pro j ected Imafo* of the •oil baloir, 
316; volcanic, zn. 

Coal formations, andeat Tegetabit r*> 
malna In, 980; 961. 

Cral mines, depths of. 13^160. 

Cilobrookn on tho snowline of tho two 
aldea of the Himalayas, 31. 

Colladon,electro-mRgnetie apparattta.33S. 

Columbus, his remark that ** the Eartfi la 
email aad narrow,** 1U4 ; found the ( 
pass ahowed ao varlatioa la the Asi 
181, 189} of lava streama, 943: aotl< 
coalCNW aad palma growiag together la 
Cuba, 989 ; remarka io hIa Journal oo 
the eqnatmial curreats, 307 ; of the Bar* 
gaaso iloa, 308; his dream, 3ia 311. 

Comota, general description of, 09-119 { 
Blola'i^ A 86, 107, 108 ; lUanpaln'a, 108; 
CUinaon'a, 108 ; Kneke's. 43, 64. 86, 10^ 
108; Faye's, 107, 108; Ilallny'a, 43, 100^ 
109-100} LexeU'a and BurckharttTa, 
108, 110; Measier's, 108; Olbera'a, 100; 
Poaa's. 100 ; famous oae of 1668, leea 
la Poisia, eallod *'nysek,*' or •* petite 
lance." 189 ; comet of 1843, 101 ; their 
nuchma aad tail, 87, 100; email aiaaik 
100; diveralty of form, 100-103; Hjht, 
104-106 ; velocity. 100 ; cometa of abort 
period, 107-100 : loag period. 100; 110; 
aumber, 99; Chiaeee obaenrationa oa, 
09-101 ; TRlue of a konwlrdgo of their 
oriiita. 43 ; poasibility t^ collision of Bl* 
cla's and Kneke's cuinots, 107, 108 ; by* 
potbrals of a realsting mrdium confec- 
tured from the diminishing period of 
Ihe ruTolntion of Kneke's comet, 100 ; 
a|iprehensions of their collision with 
the Earih, 106, lia Hit their popahir 
anpimaed infloeaeo oa tne vlatage. 111. 

ComiNiaa, early uae of liy Ihe Cnlaeap, 
180; permaaency la Ihe Waal lacHoa, 
181. 

Condamlae. \jk inscription on a marWo 
tablet at tho Joault'a College, Quito* o« 
the uae of thopcadulnm aa a roeaaart 
of aecooda, lOa 167. 

CoadA. Bodoe of a heaTT shower of sImoI^ 
teg stars, Oet, 909, 1 19. 

Corabeauf aad Ddcroia, geodetic 
tioaa.304. 

Cordilleraa, aeenery oC 90; 99, 33; 
tation, 34, 33; telensity of tbe sodtaeal 
Hght, 137. 

Cea m ography. physical, Ita oltjoet aad «W 
timato altna. 37.^; materia la, 60. 

Coaraoa, the author's object, 38, 78 ; prim* 
llive ilgnlAratioa and predae drflteltloa 
of tiie word, 60; how eoiploTed bf 
Greek and Rooien writert; 60; 00{ dor* 
ivatioa, 7a 

CratBrsL See Volcanoea. 

Curtiua. Profeaaor. his notas on the !•■»• 

Brature of Terioas springs \m Qraaea^ 
X 933. 
Curled, one of the foandrrs of the arch» 
olofy of organic llfb, 973 ; dlacor»'ry al 
ffisiril rrocoililea to Ihe tertiary fuima 
tion, 974. 
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the fall of the ttone of JEgoi PoUmot, 
l.T), 134. 

Daliniin on tlio existence of Cbionva ara- 
neoidoa in polttr snovir, 344. 

Dulton, oliacrvuil tiio •outltom ligbta in 
Kogland. 196. 

Dante, quotation from, 333. 

Darwin, Chariot, fossil vegetation in the 
travertine of Van Diemen's Land, 334 ; 
central volcanoes regarded as vulcanic 
chains of small extent on parallel fls* 
iurus, *£Vi; instruct vo niaturlais in tho 
tcni|K)ratu zones of the southern liein* 
isplioru fur the study of the present and 
past joogrnphy of plants, SH9. 883 ; on 
tliu lloni ruriiiutiuii at tlio souUiunstuiid 
of Auicrloii, 3U:i: on lliu oluvntluu and 
doprvssluii uf lliu buttuiu of lltu buuih 
tiou, 3t)7 i rich luxuriuucu of anluittl lilu 
in tliu uccait, UUU, 310; ou (ho volcano 
of Aconcagua, 3:10. 

Daubency on vulcanoos. See Transla- 
tor's notes. 161. SO:). 301. 310. 318, 234, 
32a, 330. S33, 334. 335. 336, 344. 345. 

Daussy, bis barometric exi)erinients. 398; 
observations on the velocity of tho equa- 
torUd current, 307. 

Davy, Sir llunipbrey. hypothesis on ac^ 
ive volcanic plicuouicna, 335; on the 
low temperature of water ou shoals, 309. 

Dead Sea. its depression Inilow ilie level 
of iho Muditcrrancun, 3!*G, 897. 

Declien, Von, ou the depth of the coal- 
busin of Liege, 160. 

Delcrois. See Corabceuf. 

Descartes, his frngments of a contempla- 
ted work, entitled " Monde," 68 ; on 
comets, 139. 

Dcsbnyes and Lyell. their investigations 
on llie numerical ivlatious of extinct 
and existinu organic life. 375. 

Dicmarcbua, bis *'paruUul uf the dia- 
phrnm," 889. 

DiogcnM Lncrtius, on the aftrolite of 
JEeoa Potomos. 116, 133. 134. 

D'Orbigny, fossil rcniHins from tho Ilima* 
laya aud tho Intliau pliilns of Cutch, 377. 

Dove ou the limilur action of tho declina- 
tion needle to the atmosubrric electrom- 
eter, 194 ; *• law of roUtlun,'*3i5; on the 
formation and nuiieantnce of clouds, 
316 i un the diliurcncu Itctwecu tlio 
true tcni|M:rnturu uf the surface of the 
ground and the indicutiuns of a tiiur- 
niunictnr suspirndird iu the shade, 325 ; 
hygmmctric wiudrose, 3X1. 

Doydre, bis Itcautilul experiments on tho 
tenacity of lifo in animalcules, 345. 

DralLe, sliaking uf the earth fur successive 
days in the Onitcd Sutes (1811-13), 311. 

Dufr^nuy ct Elie do Beaurount, G6oloffie 
de la France. 853, 258. 259. 860. 868. %6. 

Duraaa, results of his chemical analysis 
of the atmosphere, 311. 

Dunlop on the comet uf 1835, 103. 

Duperrey on the configuration of the mag- 
nniic c(|UMtor. 183; pendulum oscilla- 
lUum, UAi. 

Dupriz, iiiUucnce of trees on the intensi- 
ty of elcctrici^ in the atmosphere, 335. 



Eandi, Vassalli, electric perturbatioa dor 
Ing the protracted earthquake of Pign» 
ruT, 806. 

Eartli, survey of its crust. 73 ; rclativo 
magnitude. Sec., iu die solor system, 
95-07 : general description of terrestri- 
al phenomena, 154-369; geographical 
distribution, 161, 163; lU mean density, 
169-172; internal beat and temperature^ 
172-176; electro-magnetic activity. 177- 
193 ; conjectures on its early hi^b tem- 
perature, 172; inturiur incruaso uf heat 
wilh increasing duiitb. 161 ; greatest 
depihs reached by human laltor, 157- 
159 ; methods ciniiloycd to invcstigato 
tliu curvature uf lis surface, lUS-nid; 
reactiun uf tliu interior on tlio external 
crust. Mil, 202-217: ({enural delluoNtion 
ol iu ruiictlun, 2(M-806; Cintastiu views 
un its iiilurior, 171. 

Eartliquukus, t;eneral account of, 204-218 , 
their manilustatiuns, 204-806 ; uf Rio- 
bamba. 204. 206. 206, 213, 214 : Lisbon, 
210. 311. 313. 814 : Calabria. 806 ; their 
propagation, 804. 313, 313; waves ot 
commotion, 805, 306^ 312 ; action on 
gasonus aud iu|ucous springs, 210, 3:^ 
Si84 , salses and mud volcanoes, 224- 
828 ; erruneuus popular belief on, 206- 
206 , noise accompanying earthquake^ 
808-810; their vast destruction of life, 
810. 311 ; volcanic force, 314, 815 ; deep 
aud peculiar impression produced on 
men and animals, 315, 816. 

Ehrenbcrjp, bis discovery of infusoria in 
the |H)liahing slate of ifilin, ISO; infuso- 
rial dcposiU, 855, 863 ; brilliant discov- 
ery of microscopic life in the ocean and 
in the ice uf the polar regions, 342 ; rap* 
id prupagatioii uf anlmalcnlcs and their 
tenacity of lile, 343-345; transforma- 
tion ofclialk, 2G2. 

Electricity, mognetic, 188-202 ; conjec- 
tured electric currents, 189. 190; elec- 
tric storms, 194 ; atmospheric, 335 
337. 

Elevations. com|mratlvo, of mountains in 
tho two hemispheres, 28, 29. 

Encke, 106 ; bis comuiitallon that tho 
showers uf inetcoi's, !u 1833, proceeded 
fruiii tlio same iiuint of spare in I bo dl- 
rectiun in wliicii ibu Earth was muving 
at the lime, 119. 180. 

Ennius, 71. 

Epicbannus. writings of, 71. 

Equator, advantages of the countries bot 
derinj* on, 33. 34 ; their organic richness 
and fertility, 34, 35 ; magnetic equator, 
183-185. 

Erman, Adolph, on the three cold days 
of May (llth-13th), 1.33 ; lines of decli- 
nation in Noiibern Asia, 183; in the 
southern parts of the Atlantic, 187 , 
observations during the earthquake at 
Irkutsk, on the nun-disturbance uf the 
horary changes of the magnetic needle, 
207. 

Eruptions and oxhnlntions (volcanic), la- 
va, ffiiscous and liquid fluids, bot mud, 
mud moiettes. Scc^ 161, 310-1/70 
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Ettaofriphkal fhidiei^ thtlr impoitMiet 

«nd tBAChiaf, 337. 336L 
Rsripidet, bU PbaAtoB, 19& 

Falconer, Dr^ fomH r ewa r cht la the 

HimalflfiM. 978. 
FwMlaj, raaiatinc he«t. electro-magnet- 

bm, &e^ 49, 179. 188; brilUuit di«cov- 

ery of ibe erolutkm of Ufbt by bm(* 

oetic foroea. 193w 
Peitpabereon on ibe eooneetion of ebroiu 

elottda wUb Ibe Aorora, 197 ; lu aid- 

fade. 199. 
Fedurow, bla pendnlaiB e x perimenta, 168. 
Feklt oa the aaeent of ahoodng atara, 183. 
Ferdlnaodea, Igneooa lalaad ot 948. 
Floraa, geographical diatribntloii of, 3S0. 
ForiMa. Profuaaor E.. ivference to hta 

TniTcla in Lycia, 233 ; account of the 

ialand of Santorino, 341, 943. 
Forbea. Profvaaor J., hia improved aeia- 

Diometer, 305; on the correapoodence 

eiUaling bctwnen the diatrlbuuon of ex- 

bting floraa bi the Britlah lilnnda. 348. 

349 ; on the origin and dilTuakm of the 

Britiah flora, 351. 334. 
Forater, Oeorae, remarked the cHmatie 

dUTerenee of temperatore of the eaai' 

era and wet t er n eoaala, of both eonti* 

nenti, 391. 
Forater. Or. Tbomaa. mooktab Botlee of 

** MetBorodaa,** 183. 
Foaail reroalna of tropical plants and an- 

imnla fuund In northern regiona. Hi, 

970-984 : of extinct vegetation In the 

traTcrtioe of Van Dieaien*a Land, 994 ; 

foaail human remaloa. 930i 
Foater, Reinbold, pyramidal eonflgnra- 

tloa of the aontbeni extrenritlea of eon- 

tlnenta. 9no. 991. 
Fourier, temperature of our planetary 

ayalem, ISA, 173, 178. 
Framatoro on the direction of the taOa of 

eometa from the ton, lOL 
Fnahn. (aUofaUra.119. 
Franklin, Benjamin, extatance of aand- 

banka Indicated bytibe eoldneaa of the 

water orer them, 308. 
Franklin. Capt, on the Aurora, 197, 199, 

900. 901 : rarity of electric exploaiooa 

In high northern refkma, 337. 
Frercinet, pendulum oacHtatlooa, 188. 
Fnainleri on meteoric m ataeig 193. 



GeogBOiy (the atady of the toxtww tad 
poMtioa of the eartb'a aorlare), in prof* 
909. 



nallloo. 104. 167. 

Oalle, Dr.. tl. 

Oalvanl, Aloyiio, neeldeBtal diaeowcr y of 
galrunlam, 93. 

Oaaeoua emnnationa, flnldai mnd, aod 
molten earth, 317-290. 

Oaaparia. disCributioo of the qnaatity of 
ruin In Central Europe. 333. 

Oanaa, Friedrieb. on terreatrial magnet- 
lam, 179; bla eractkm. In 183^ of a mag- 
netic obaerTatcry on t new priadpla, 
191, 192. 

Oay l.uiaac. 901, 333. 934, 2C8» 987, 311. 
313,334.33a 

Oeognoatle or geological deeeripCkMi of 
the eartb'a amrfaee. 



Geography, pbyalcal, 988-311 ; of aalmil 

life, 341-346 : of planta, 346-351. 
Oeographlea, Rlttetli (Carl), **aeo|raphy 

In relation to Nature and the Hlatorj 

of Man*' 48. 67; Varentua (BemhardX 

(Seneral and Comparativo Ctoofrapby, 

66^67. 
Ctorard, Capta. A. Q. and J. Q., on the 

anow.Une and Tegetatloa of the Uim» 

layaa, 31, 39, 331, 339. 
(Serman adentiflo worfci^ their deliMli^ 

47. 
Oeyaer, Intermittent fountabM of, 998, 
Oleaeke on the Aurora, 900. 
Gilbert, Sir Humphrey. Oulf Stream. 307. 
Gilbert, William, of Colcheaier. terrae- 

trial magootiam. 198, 190. 177, 179, 188. 
Gllllec Dr., on the aaow-liae of Sooth 

America, 330, 33L 
Gloja, crater of, 98. 
Glrard, eompoaitloa and mture of b» 

aalt.993. 
Glaiabor. Jamea, on the Avrora Boroalto 

ofOct94,I847. SeeTraaahttw'aBolii^ 

194. 90a 
(ioldfuaa, Profeaaor. examination of foaiO 

a ped m e o a of the flying aaurlana, 974. 
GAppert on tlM rooTeraloo of a fraraeni 

oiamber-cree Into Mack coal. 981 : oy- 

cadoa, 983 ; on the amber-tree of Im 

Baltic, 983, 281 
GAthe, 41.47,53. 
Greek pbiloaophera, their nae of the lemi 

Coamoa. 60, 70; hypotheaea on atro* 

litea. 199. 133, 134. 
Grimm, Jacob, graceful armboHam a^ 

tacbed to falling atara la the Uthuaataa 



mythology. 119; 113. 
ulf Str 



GulfStream, Ita origin and eoarae, 307. 
Gumprocht, pyroxenle nepbriine. 853. 
Guanaxuato, atriklng aablerraaeai 
a^9Q9. 

Han. Bir JanMa, bla experiawati oo ibI» 

eral fudoa, 989. 
HaDey, comet, 43, 100, 109-100: on tha 

meteor of 1688, 11& 133 ; oa the light 

of atan, 15); bypotheeb of the earth 

being a hollow ephera, 171 ; bla boM 

conjecture that the Aurora RoreaUa waa 

a magnetic phemwnenon, 193. 
Hanatfim nn magnHio llaoa of docUaatfoa 

In Northern Asia, 189. 
Ilaaaon on the aMtorlal co n teata of Um 

moon, 08. 
BedenatHkn oa the atveaDed "Wood 

nma** of New Siberia, 981. 
BegeL quotatioa from bla "Fblleaophy 

of Htotory." 76. 
Heine, dtaoovery of cryatala of feldapar 

In acorls. 988. 
Hemmer, flilMng acun, 119. 
Uencke. plaaeta dla^jrered by. See aolt 

by TYanalalor. 90L 91. 
Ilenfrry. A^ extract fram hia Outlinea of 

Btructuml and Phyalokigleal Botany 
by TYMMiaftor, Ml, H% 851 
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Beiiiliii on the ▼arUttoof of form in Um 
coaetori744, 102. 

Herodotot. doacribed Soythia at froe from 
earthqaake% 904 j ScYthlan laga of tho 
aaorod gold, whidi wU burning from 
bosTon, lis. 

Beracbel, Sir WQllam, map of tho worid, 
06 ; laaeriptlon on hU monomeat at Up> 
ton, 87; aateUitea of Saturn, 96; diam- 
etera of comata, 101 : on the comet of 
1811, 103; Btar guaglnga, 190; atarleaa 
apace, 150, 1S8; time required for U^t 
topaaato the eartfifrom the remoteat 
huniooua Taper, 154. 

Herachel, Sir John, letter on Magenanle 
dottda,8S; aatelUtea of Saturn, 96; or- 
blta of tho aatollltoa of Uraoua, 06 ; dl- 
amotor of nobuloua atara^ 141 ; atellar 
MUky Way, 150. 151; light of iaolatod 
Btarry oluatera, 151; obaenred at tlie 
Capo, the atar i| in Ariro incroaae in 
aplendor. 153 : InTariablUty of the mag- 
netic declination in the Woat Indiea, 181. 

Beaiod, dimenaiona of the unlvorae, 154. 

Heveliua on the comet of 1618, 106. 

Ilihbert,Dr.,ontfaeLakoofX«aach. See 
note by Tranalator, 918. 

nimalayaa, the, their altitude, S8t aeon- 
ery and Togelation, 99, 30; tempore* 
turo. 30^ 31 1 Tarlationa of the anow-line 
on titoir northern and aouthom docliT- 
itiea, 30^ 331. 

Hind, Mr., planota dlicoTorod by. See 
Trantlator'a note, 90^ 91. 

Hindoo cirilixetion, it* primitiTe aea^ 3Sl 
36. 

Bippaloa, or monaoona, 316. 

Hippocratoa, hi* erroneoua auppoaltion 
mat the land of Soythia ia an elevated 
Uble-land, 346. 

Hoff, numerical inquiriea on the dlatri- 
bution of earthquakea througliout the 
year, 907. 

HoAnan, Priedrich, obaenratlona on earUi* 
quakea. 906, 907 ; on eruption flaaurea 
in the Lipari Uianda, 238. 

Holberg. hia Satire. **TraTela of Nle. Klim- 
ina, in the world under ground." See 
Tlranalator'a note, 171. 179. 

Hood on the Aurora, 900, 901. 

Hooko, Robert, pulaationa in the talla of 
comota, 143 j hia anticipation of tho ap- 
plication 01 botanical and zoological 
evldunco to dotormlao tlio rolatlTo ago 
of rocka, 270-273. 

Ho-talnga, Chlneae flre-apringa, their 
depth. 158; chemical compoaition, 917. 

Howard on the climate of London, 125; 
naean annual quantity of rain in Lon- 
don, 333. 

HAgel, Carl too, on the elevation of the 
valley of Kaahmir, 39; 33 ; on tho anow- 
Une of the Himalayaa, 331. 

Bmnboldt, Alexander von. worka by, re* 
forrad to In varioua notea : 
Annalea de Chimie et de Phyaiqoflb 

31,305. 
Annalea dea Sclonoea Naturellea. 28 
Analchten der Natur, 342, 344. 347. 
A4a Centrale, 98, 31, 33, 115t 158, 151, 



180; 204, 217,219, ttS, 945^951. )eH 
260, 289. 290; 291. 292, 296, 300; 301. 
303.3O61 390, 393, 394, 330; 331, 334, 
350^356. 
Atlaa OAogrephioue et Pbyaique du 

Nouveau Continent, 33, 949. 
De diatributione GeographlcA Plan* 
tarum, aecundum emli temperlem, 
et altitudinem Montium, 33; 291, 
391 
Examen Critique de I'Hiatolre de la 
Gtographie, 58, 180. 181. 997, 980, 
999, 307, 306, 310; 316. 856. 
Eaaal Geognoatiqae aur le Giaement 

dea Rochea, 930, 959, 266^ 30a 
Eaaai Politique aur la NouvoUe Ea 

paffne, 199, 240. 
Eaaaiaur la (i6ographie dea Plaatca, 

33,230.315^ 
Flora Friburgenaia Subtorranea, 340; 

346. 
Journal de Phyalque, 178, 292. 
Lettre au Due de Suaaex, aur lea 
Moyena proprea A perfectionner la 
connaiaaanco du Magn6tiame Ter- 
roatro, 178. 192. 
Monumcna doa Pouploa lodigtooa do 

I'Amcrique, 140. 
Nouvelloa Annalea dea Voyagea, 307. 
Ilocueil d'Obaorvationa Aatronom 

iquea. 28. 167, 218. 397. 
RocucU d'Obaorvationa de 2«oologio 

et d' Anatomic Coinpar6e, 239. 
Relation Hiatorique du Voyage auz 
Region* Equinoxlalea. 1 13i 119. 123, 
ISrr, 130. 186. 206. 207, 220. 221. 225, 
252; 292, 299. 300. 302. 305-307, 314. 
315, 327. 329, 334. 336. 
Tkbleau Phyaique dea R6giooa Equl 

noxialea. 33, 230. 
Vuea dea CordilMrea. 225, 230. 
Humboldt, Wilhelm von, on the primitive 
aeat of Hindoo civilisation, 36 ; aonnet, 
extract from, 154 ; on the gradual rec- 
ognition by tho human race of the bond 
of humanity. 358, 359. 
Humidity. 313. 332-335. 
Uutton, Capt Tbomaa, hia peper on the 

anew line of tho Himalavaa, 331, 332. 
Hoygona, polarization of light, 52; nobu- 
loua apota, 138. 
Ilygromctry, 333, 333 ; bygrometrie wind- 
roae, 333. 

Imagination, abuae of. by half-civilized na- 

tiooi; 37. 
Imbert, hia account of Chineae "fire- 



apringa." 158. 
Ionian acb 



achool of natural philoaophy. 65, 
77,84.134. 
laogenic, iaodlnal, iaodynamic, Ste. See 
Linea. 

Jacquemont, Victor, hia barometrical ol^ 
aervationa on the anow-Uue of the Hia» 
alayaa, 32. 331. 

Jaaper, ita formation, 259-261. 

Joaaen on the gradu^ riae of the eoaat of 
Sweden. 295. 

Jorullo, homitoa da^ 930. 
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, eoBJMtwnM iM tli6 phyiiotl 
of Toteaate 9rmpfkma, HX 



Kimts, itobaromelrk Hum, SIS; donbte 
oo the fTMff di jiiimi of mooateli ajr , 
334. 

Kant, Eauittel, "on the Cheoty md atme* 
tor* of Iho besma," 80; 69 ; aarth- 
ouaka at Llaboo, 910. 

KaUlMO oa tha andeat aaa-Iiaa of tha 
coaaC of Spltsbargaiit SMu 

Keplar oa tna dtotaocaa of alan, 88 { on 
llM deoaltj of tiia plaaata, 99; law of 
profioialoB, 99 ; on tha munber of eon* 
eta, Ms abooHaf alara, 113; on tba ob- 
acoratioa of the •ira'i diak, 139 ; oathe 
radiatkma of beat from the flxed atara, 
136 : on a tolar atmoaphere, 139. 

KlUen. ahooliBf atara, 119, 194. 

KiKiwIedaa, snporflelal, erila ot 43L 

Km§ of Nidda, tenperatara of tha Oey* 
aar aod the Scrokr hilorniitteBt fb«nt> 



Kraaenatern, Adoriral, on the trahi of a 

Ara-balU 114. 
Knopbo^ a Cbioeae pbytklat on the at- 

tradioa of the mafoa^ and of aaBber, 

188. 
Knpflar, macneUe t t at lun a fai Wortbai u 

' • 19L 

187. 
Lambort, an ag eatlon thai the direction of 

the wind be eonpared with the height 

of the barometer, altaratlona of tamper* 

ature, hnmidity. Ac 31& 
Lamont, meat of Uraana, 93 ; aalalliteeof 

8atiirB,96L 
Laagnan and lhoa|^ dielr mntaal alH- 

aace, 96; anthor'a pralae of hia native 

laBf«age,56. 
Langaafoa, importance of Ihalr •lady, 

Laplace, hia •*07al«me dn Honda." 48. 
62, 99L 141 ; meat of the comet of 1770; 
107: on the required velodty of maaaaa 
projected from the Moon, 191, 199; on 
the altltnde of the bonndartoa of the at- 
moaphere of eoamical bodlea. 141 ; so- 
diaeal Hcbt, 141 ; lanar Ineonalitiea. 166; 
the Rartn't form and tlxe wfinTad from 
hiaar iac<|uaMtieiL 168, 169 ; Ida eatlmate 
•f the mean helfht of moantalna, 301 ; 
denaitj of the oeean repaired to be leaa 
than the earth's for the ftabOlty of Ita 
eqalttbriam, 309 ; raanHa of hia perfMt 
theorj of tidea, 306. 

I^atin wHtrra. their naa of the term ** Man- 
dtt«," TO. 71. 

Ladttfdea, Northem, obcCaclaa thry pre* 
aent to a dtocovery of tlie laws efl<a> 
lnra.36i aartiaac acgnaintanee with the 



aovemlaff foreea of the pbTaleal world, 
tharadl^: ~ 



I jed. 36 ; toffaad ft^em 
of the germa of dvlllaation, 38L 
Latitadaa. trvpical. their aiivan ta faa for 
tiM coBtrmplatkNi of aatare. 33 ; pow* 
erfttl tmpceaalona, from their organic 
rkhaem and frrtiUtf.34 ; fcciMtfeaihej 
fcr a knewMfa of thn Imp* of | 
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■atare,a8; brilliant dbpkqr of AmUh 

ater^ll3. 
Laogler.hii calcniatlona to pro^ HaByyli 

eomeC Identical with tiie comet otUfn, 

deacHbed hi Chioeae teblea, 109. 
Lava, Its minaral 
Laroiti er , 68. 
Lawrence (St), fiery tear% UN ; 

atieam.199. 
Lalbnits, bla eonketvra that tha 

Incraaaa la ToMaaw li 

their toeraaaa of didanoa'froni thn 

Sun, 93. 
Lens, obaerTBllona on the awaa laval of 

theCaapian8ea,997; maxima of daM- 

Ity of tna oceanic tcmperatnra^ 901 , 

teraperatare and dca#t7 of the oeean 

nndcr diflcrcnt tonea of htilnde Mid 

longitttde,306. 
Leonhard, Karl too, aaanmpHon on fisr 

mationa of granalar liawalena^ 9fl0* 
Leverrier. planet NepCnaa. " " 

lator'aBote,90L91. 
Lewy, obeenrationa on ttie ▼arying 

Uty of oxygen la tha 



cordbig to Ibeal conditienib or tha Mi^ 

anna, 311. 319L 
Uchteaberg, on meteoric ttonei^ 118* 
Llebig OB traces of 

the atoMMphera, 311 
LIglit. chromatic polarisation ot, 99 ; 
; oi CO 



irdiaary llgblaaa^ 
t pro u agatien o< 
133,154. See An. 
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comets, 104-106 ; affix* 

ed stars, 109; extraordli 

lastancea oC 14»-144 

193; apeed of transit, 

rora. Zodiacal Light, Jbe. 
LIgnilaa, or bc<ls of brown eoaU 993, 991. 
Linea, Isogonic (magaetie eqnal devin* 

tioa), 177. 181-183: laocUaal (mafnatto 

eqaal hMsUnation). ITL 1791 181-199) 

laodynamle (or magnetle eqnal fbreaX 

181, 189-194 ; IsogoothemMd (chthonlsn- 

thermal). 919; iaobantmetric, 316 1 

thermal, Isotheral. and J 

397.3981348. 
Una of ao variation of horary < 

183; lower MmHof pcr pc ta al i 

?99; phoaphoreecant. 113. 
Lisbon, earthqaaka oC 910^ 911, 9131 HI 
Lord on the limlta of the meW'Bna en tha 

llimahiyaa. 32. 
Lottla, hM obaerrationa of the Aaf««% 

with Rravala and Mljerstrom, en Iht 

coast of UphuMl. ion, 90a 901. 
Lowmorn, recognised the cemseaiJan af 

the pokr Uj^t la bright snnshhm. 196w 
Lyetl, Charlaa, taveatigations on the nn- 

mwrieal rvlationa of extiael aad arpm. 

Ielife,974.979: aether formed or ^ 

ogeaaroclu.949: aaifonaliyofthapr» 

dactioaofanipted rocks, 997. Saei 

by Tranalater. 900^944. 987. 



Mackansie. dearriptioa of a 

araptlen In leviand. 93(1 
Maclcar on « Ceataari. 98 : 

and disUDce* of *sed stera. 193 { 

crease la hrigbtacas of ^ Argn. ISl 
Midler, plaaatary eomprcsaiea of Uf 

96t iKnanof tha 
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dfailurafnmitb*MBUtorili*l|ilHMr, I HstaaonUo Itoel 
n ; nutflrtal coomnta orUio Naon, 9»i I KuunroluiiT, 311-: 
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~bg (hnm cuUl lUj* uf 
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Bacdao nrlll' lh> Aurun. l>3-aol i np- 
KHBted by dknso ijatunu at lUhH, nw 
Unc*i ■■wTcimntara>ia»iluiu.lS9i 
Duioiitio uqaatur, IKI-ItU; niumtU) 
pgtom lea, ih: tA^w^MarlM. IDf-lUi 
miinatlc itHiioni. IW. 191. 3IT. 
IbgiHUHn, urrsiUiil, ITT-lin, SOI ; doC' 

HainuiHii, 3«mnnil. dauilptlon af n- 
m.r)i.blB eruption la Icelnod. 2115. 

U*hlnuiiii, Wilfclni.HulfawHl ditccllon 
ufibc nCrlil cumiil In Ibn mlcldlu UU' 
niduortba tsnipi^riiLa iDna.31T. 

MilnAnnUieiixliiicdllibt, 1:^,1:0, MS; 
lilt euliilin tliM Uh Hun la ■ tialiuloui 
•ur, fl1. 

Hulmwn. aBimlur mcxinliiui. 98. 

Malhi, DuiMu do li. an. 

Ilu,li.iii)»l tkiw ur,:m-Vi9i nroobor 
UlofclltiUHT uf lib ■lUuru, ilT; niaulK 
of Ml iBUltiKiiul iirogreu. KL M : ge- 
Btnpblal dlMdlHUkin aC n — "" 
aSil 1 on llM utuinplJoii of 



■.nlUW: biigrulU' 



MirMriU PliUguphica b* anioIT 

It.lKh.a. 
Maria*, aimoD, Inl dsKrIbad tha acbD. 

138* **"" " ™" " '"' 
lliutln.obHmlloiu do polar bandi. IM ; 
ttumi IbalalreollBctnl al Faulbom cud. 

ta.3ia:onUiodl.InbutlunDfihiiquto- 
UwiblaHan. IdUr to Arajo od tha lodi- 



oa tha raprodurtlT 

UilkT Way, lla ttaure. ffi 1 Tte*aaf Aila- 
totla on, lOJ ; >aal wlawiptc bnwJlb, 
IX: liniur Wh or DObuknii apou ai 
riibl aiuW wiih thai oC IliB ilara, ISl. 

UlBaral^ artUelaUi firnuad. 96B, 9U. 

Mbea, traalnat du|ilb at IST-13S) Wo- 



Ulichull, protracioj oarUiquaka ahoeka Id 

UltKherl'.^li on tho chomical ariilD of 
Iron llxiu In .olcaole mauea, 9») 
cbeniKal combiiMtlou, a msaoi of 
Ibinwlnga clsar U|bl on iBagiioar. SM; 
nn KJV**'"- '• * nnlaial crjalal, 339; 
GiLpunin«ata oa tho almultaucoualj op- 

Cialio arUoni or haat on orjitalllna 
Hibw. 33Ui rormiUuu uC »f>ula of 
miOL. HSO: on anUclal mlmiral pnit 

Uell'lua (oibalaUona or carbonio add 

MouHona (lu-liiin). 310. 31 



doon. tlia. lu rclatlia maiulnda. M i 
dinallT. M; dlaUuu from Ifaa garlk 
»7 i Ita llbntlon, M, IS} i In liabl com- 
pared wtib Hut or ihaAuron, 901, aUg 



[organ. John H. -on Iba Aurora Bora- 
alb or Oct.31. IMT." Sssl'raulaloi't 
nutaa. IM. 1B9, 

lonon. Samusl awrfa.hla minUleaot 

laaar'a Inuget, 302, 

lounUlDi. In Alia, Amarlea. and Europe 



rT-3a,Si8.3l 



•ds, cliill 



and OB Iba 



I1,3».I09.3UO, 3ITi 
in Iha docUvlUet 
owllua or. 30-33 



Marsr. ToUu. on Iha nuulaa o[ 1 

Hoan nuoH-rleal (alaea. Ihelr nacsaalty , < 
In niadiim pbnlcal aclcnco, 81. 1 

Kellonl, hia .UMnirica on radlalln| facal Ui 



' of. !U. 30, 337-329 i i 
I 33H ,T3L. 
Hud lolciiuHi. Baa Salad ud Vo1e» 



iirulD dlnricu. 19a. 



orj>|ia>i.:H7. luiu U;roui>h whli^li inolaiihTni had 

HoMliT. cuiiiut, IK; nuliuluua ipsl n- I bwo u>iclu>l, IKU ^ ihuailkatluB or fM- 
MoUlni giu uarrr •inuun, UL | (UUnroiia Mrat*, 37T 1 oa Iha aflB ol lb* 
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nrituA,7ti. 
MiMcbeuliroeli on the freqveocy of owto* 

or* in Attyuat, 195. 
Mjndlua, Apolkmiua, on the PyttMiforoan 

doctrino of comeH, 109^ 104 

Natnre, re«ult of • mUoQnl inqairj Into. 
29; croottont excitral bj her coolem- 
pbition, 23; Miikinf wetnm, 26; tlieir 
•oarcct of rnjojmirftt, 26, 27 : niMnHI* 
ceooo of tlM truniciil aeenerj, 33, 34. 3S, 
344 : rellfkHit iropttlte* from • eom- 
BBOJiion with nature, 37 { obstM^kM to 
•n Active tpirit of inquiry. 37 : mlachief 
of Innccumte obaerrntion*, 38 : hifher 
enioTmf nta (if her Mud j, 38 : nnrrow* 
miodod riewt of niitarR. 38 : luHy im* 
pre— ioo< produced on the mind* of In- 
Dorlont olwerrcir*. 40 : nature deAned. 
41 ; her •tudi«'e inexluiuttible, 41 : gen- 
erel obeervatlont. their grmit edventA- 

CI, 43 : liow to be rorrrctly conpre- 
nHcd. 72 : her moet vivid impreetMMM 
enrthlj. 83. 

Ifeture, philoeophy of. 24, 37; phjtieal 
deM-ripCion of, M, 67. 73. 

Ifehttles 84-06: nebulona Milky Wat at 
riffat Mf lee with that of the Mera, iSO- 
ISi ; nelmloo* epota, c on ject u ree on, 
83-86 : nebulone atiire enid pUnetary 
nelinlw, M. 131. 1.12 ; nebuloua vapor. 
83-86, 87, 133: their euppoaed condea- 
aation in conformity wiUi the lawe of 
attracti<Hi. 64. 

Neileoo, frndunl dcprpMion of the tooth- 
em pnrt of Sweden, 9!Vl 

Neriral, Amlrea An. prainlar hnllof In 8yr« 
la tm thn fall of aAri4lU<«. IXI. 

Newtim. dkN*ttear«I lh(« qntiatkin on tlio dir 
ft*r?ncn litHwrrn Ihn alfractkin of maaa* 
ce and mi>lcrular Mttnirti«Mi, 63; New- 
tonian axiom ronflrmiil he lleaarl, 64 ; 
hia nlition t»f tlio OtHi^ratiny of Varenl- 
tt«.fif*: Princiiiia MNltirmatk*a. fr7 : eon* 
■Idered the planet* to he eonipoaed of 
the mntr matter with the Raith, 139 : 
comprraaioo of the Karth, 163. 

Klch<»li, J. r., note from Me aceo«at of the 
pUnct Neptnnr. flO^ !)|. 

Nirhul*on. ohaerviUkme of llfhlnlnf 
riouda. nnacrompanlefl by thunder or 
Inflicatiooa of alorm. 337. 

Nobilr. A ntonio. e % pcrimmta of the holfht 
of the Iwmmctrr. and Ha lathMoeo oa 
the lerH of the am. 2!W. 

H(y<c*'i'"(h counted 799 annual riofa In the 
trunk of a trrr at Bonn, 283. 

Hordinann on the e«latrsee of animal* 
rule* In the fluid* of the eye* of i*ho*» 
343. 

Norman. Robert !■?— t*d the tnctoato- 
rimm. 179. 

Obarrmtion*. acirntlfle, BilerMef of In- 
accurate, 38: leodmcy of wnroonert- 
c*l, 4tl 

Oeran. fmrral view of. 209-31 1 ; it* ex- 
tent aa c«»m|Nicrd vrlth the dry land. 9H^ 
ITt iMdetiCkl«|»30l} Hdai^ Jft JD6 i 



la tiM 



oocreaema nraiiei aiui v v incFMHS 
deptha. 30:1 : uniformity and eoMlMev 
of teraperatum in the aamn apneui, SOBi 
It* current* and thdr varioo* 
306-300 : it* pho*phore*cearo 
torrid tone. 2Uc! ; it* action on el 
^m 310-32U : Indoenee on the 
and aodal condition of the human raee^ 
162, 291, 203. 294. 310; rkhn«*a of Mi 
orfnnle life. 3(RI, 310; oeeanle adeto* 
•cofilc form*, 349. 343 ; acntiineti •«> 
eitcii by lia contomplalloii, 31(1 

QSrated, oloctro oMfiietle dbrorBrioib 
188, 191. 

Olber*, eometa, 101, 100; aanriUea. 1141 
118: on the4r planetary veloelty. 121; 
on tlie mippoaed fdienomona of aaeond* 
hif *ho«»tlny atar*. 13:1 : Ibdr periodio m> 
turn In Auguat, 129; Noreaaher acraao^ 
19H; prediction of a brilUaotfallof ilMOi> 
Inf *tar* In Nov., 1867, 127 ; alMuaeo of 
lb«*il meteoric atone* in aeeondary and 
tertiary forioationa, 131 ; sodtacal Hgh^ 
It* vibration throufh the tail* of 
eta, 143 : on the truaeparancy of 
tial apace, ISO. 

Olmated, Denlaoo, of New Bavea, Co«* 
necticut, obaenralioaa of atrollla% 11^ 
118. U9, 194. 

Ottmann*, Uerr. obaerved coalhiaoaflly 
with Humboldt, at Berlia, the aMva- 
meat* of the decMaatioa aeodl*^ lifL 
191. 

OvM. hi* deaerintloa of the vokaaie Hfl 
of Mcthonc, 3la 

Ovicdo deacrlbca the weed of tiM OaU 
Stream a* Traderiaa do yarra (wa 
weed meadow*), J06. 

ralatonlnktffy, 270-984. 

railaa, nR?t(H>rlr lion, 131. 

Pahner, Nrw llavm, (.'onneetkul. oa Ito 

iiriMlicioua awarm of 
lov. 19 and l.% 1833, 194 ; oa 
apiicamnco in rrrtain Ti*ar* of the Aw 

fttit and NovenUwr bdl of oOroUlM^ 
20. 

Paratbixeeofflxed •tara,88,88; ofthato> 
lar *y*lem, 143. 146. 

Parian and Carrara marble*, 269, MX 

Parry. Capi, on Aurora*, their conaecttai 
with mafnetic prrturbattoa*. 197, 201 ; 
whether attmdrd with any aound,2002 
*om to rontlnne throufhoot the day, 
197 : baronietrie oban^atioa at Part 
llowen. 314, 313 ; rarity of electrle as> 
ploaione in northern fTfk m a. 337. 

Patridu*. 8L, hia accurate c o a j o t t ar e * oo 
the hot afiriaf* of Carthafr«, 23^ 29i 

Peltier on the actual *ourea of 
pheric electrleity, 333^ 33flL 

Pendulum. It* *cientlAe uaea, 44 : 
meat* with. 64. 16^ 169. 170 ; empioyad 
to inve*clfate the carvatura of tlia 
earth'* rarfiaoa. 1(0: loeal 




Influmre on the prvtduium. aad 9ea|» 

noatk knowlnlfe drduml from^ 41, 41^ 

Un. IA8: rxprnoieutaof lle*ael,91 

Pratland,hl* 



la uUadiOIr pro 



It Htlli. piRlll In 

ui Uoda bj tbo cni 
idJu Id tfaa Tytal, OB 



Potnlu iTitoni sfUur 

Peroufd, Ln, cxftcitLtloD UI, iDu, 

ranlu, uriMt coinut hhui In (IGCS), 139, 

Patu on iha largo (troUta Itu) till In (ha 

Peton, Dr^ Talocltj of acobei pro3ectfid 

ftom £□». 1S3. 
PoucmO. Ct 

Phailpi on ..._ ._..,_ 

mlu at locnwliit daiiUu. 114. 

FhUolitIa, tall umDonlul ituiliiji 
III* rniocDliir/ wrlllup. m-1i. 



Ph]nie>,thDlrUmJU,9ai InfliioDcsofphji- 

Ut af naUoni. US; prorlncs of pbjrilcia 
(cisnu, 39 ; dlatlacliim betweeo iliii 
pb^dcal kikarir and phjraicd dtw^tp- 
linn of the world, 71, Vs ; pbrilcal act- 
enca, charaotartjtlu of Lta modcra prog- 



PlDdar, !a>. 

rbna, Kodoiko oiporiiacnM In Lambar- 

PUnot*, 89-09; prcaant Dumlxir dlKOT- 
«^ SO. (Baa nolo by TninilalDr on 
OiaKKMtniunldiKotBtiei. 90,91); sir 
Ihh HawtDBon tbidrcoiDpnillan, 133; 
llDiled phnlcal knoiirladpi aC UU, 131 : 
Com, Si-Mi >:»nh. 8849; Jono, M. 



llu, G4, 99; BaLurn. 87, ^UH; 



en which bar 
DOOM, 93, 'Je. 
Pliinti, gaognpb 



9ti ■■. 

Viinda.ui-!H.iuu; Uraniu,m>-!M; plmi- 
tba lar^oat nunabar of 

;•! dUlrlbntian of, 34B- 

o on Iba tacaionly bodtoi. Ilc., BS; In- 
TprolaUon of niluro, 163 ; bU nu- 
attic vlflwa oa hot aprlngB, ana rdl- 

1} the oldar, hl> HiUural IIUlorT. T3 ; 
g comatitlM; aflrobtea,f^ ^^ i^n- 
lagBctlani, 180; attraclit 



tie of lollan 



in (ha 



00 Uos cODliguralton oT Africa. 39U, 
PUny (he Touafcr. liii doacrlptioa of ll 

(bn pheuDinanaa of toIcbdIb ■•hea.X 



uric cloclrlcKT, XU. 
idicoB afaloK adcnco. bow orlftBat- 
38 ; aAHlnat (be ihidy oT tha exac( 
ancaa, why tkll^^loua. 40, SB. 
lard, hla pbyalcal hlatoTy of Hta- 



I'aychmmetcr, 333.338. 
FyLha^raa,Dn(om[i1oyod Iho word Col 

FjthaforaaBa, thair atudy of (bo hoarsily 
bodu, GS; doGOlDa on comcta, 1(0, 

OB Terreatrlal 



Qaartorly Ho 



i[,l-J5. 



Racoi, humiD. tbclr gaocnphlcal dlttil 

buUon. and unity, 351-^39. 
Rain dropi, icmpcruuia o^ 390 ; mean an 

nual qnantiCT In (he (wo bvaaiapheraa, 

sa.:&i. 
Belch, moan dendly of tbe earth, ai at 

carulned by the (onion balinca. ITO; 

tamporatun of (ha mlnei In Balony, 

Rolacii. areioiy, bla -Uar|arl(a fhllo- 

RtniuHt, Abel, Mongolian (radiOon on (be 

in Can(ra] Aal^ at ■rea( dlHaBcet Ovm 
thoHa.S13. 

RIchardwD. iDnffDotlcpbeiiaaiena attend 
Ijif the Aurora. lUT; wbe(bor accom- 
panied by aound. «W ; hillueBca on (be 
majnctlc Dcodlg of the Aurora, !U1. 

Itlobamba. earthquake at, 9M. 90B, !ice. 

Rlttar, Call, hit " Oeofraphy hi relaUon 
a and (ha IBMoij nf Has." O, 
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•I Uie 8o«th ro]i% 187; Important ro« 

•nifei of dio Antiiretic nmgnoUe eiipodt- 

tloB In 1639, 109; nirlty of eloetrle ox- 

plotkMW In hlfh northern rogkNM. 337. 
ftoMoll, M. do, hU nufnetio oteillaClon 

ezperimenfei, and thdr date of pabU* 

eation. 188. 187. 
JUKhmann, confoandod tho aetting lodl* 

aca] Ufht with tho ceaaation of kwUigbt, 

143. 
losier, obaerration of a ateady lamlnooa 

appearance In the clonda. 9JH, 
tymker, Rnckn't comet 108. 
AHppcll donlca tho oxiatcneo of aetiro 

volcattoca in Kordofan, 849. 

•labine, Edward, obacnratlona on dayi of 

unasaal miifnetie dUiurbnnce 178; re> 

cent magnetio obaerrationi, 184, 18S, 

187. 188. 
lifm, Ramon de la, obwrrationa on the 

mean annual qoanti^ of rain in the 

Unvana, 333. 
Mot Pierre. Remardin de. Pant and Vlr* 

clnla. 96 ; Stodlca of Nature, 347. 
Maea or mud volcanoes. 934-328 : atrik< 

Ing phenomena attending their origin, 

Jalt worka, depth oC 158, ISO i tempera- 
ture, 174. 

/kntorlno. the moat Important of the lal- 
nnda uf emptlon. 941, 249 ; deacriptioo 
(»f. See note by Tranalator. 941. 

largsaao Sea. iU situation, 306. 

•a^litea revtilving round the primary 
iilaneta. their diameter, diatance, rota- 
tion. Ae., 94, 09; Batnm'a. 00-06. 197; 
Karth'a, aee Moon, Juplter'i^ 8^ 07 1 
Uranua, 00-96. 

Hrfirlana, flying, foaall remalna oC 974, 

0aiaaure, meaanrementa of the marginal 
lodge of the emter of Monnt Vcaorlna, 
ino ; tracoa of ammoulaeal vapora In 
(ha atmoaphere. 311 ; hygromotrle 
raeaaorementswith HnmhoMt. 334-338 

Seaayer. mlcroacople organbma In the 
ocean. .149, 343. 

Beheerer on the Identic of eleollto and 
ncphellne, 953. 

BcbeUing on nature, 93; quotation from 
hia Glordino Bruno, 77. 

Bchenehsner's foaail aalamander, ew^ce- 
tured to be an antodiluTlan man, 874. 

Behiller, qnocalion from, 38. 

Behnurrer on the obacnratioB of the ann'a 
diak. 133. 

Schouten, Comelina. In 1818 found the 
declination null In the Paeifle, 189. 

Bchottw. dlKribntion of the quantity of 
rain in Central Europe. 333. 

Bchrieber on the fragmentary character 
of mrteorie stooea, 1 17. 

ScientiOo reaearehoa, their frequent re- 
anlt, 90 ; aclentlfte knowtedae a require* 
romt of the pmeent age, M, 94 1 aelcn- 
tlie terma, tneir Tagoenoaa and miaap* 
DUeatioai. 98, 88. 

■ana, Abbale, earlkqiiakee uneonneetMl 
«MilM9ftht 



Beoroaby, rarity of eloelrie esplorfoM la 
high nortliom regkioa, 337. 

Sea. BooOooan. 

Sclamomotor, the, 90S. 

Boleuena of Erythroa, h«'i aatrononletl 
atndlea,6S. 

Seneca, noUeed the dlreetioB of the tnlla 
ofeoineta,100; Ma viewa on the Badnro 
and patha of eonaela, 109. 104t omeoa 
drawn from their auddea appearanee^ 
111 : the germa of later obaerraHoiia on 
earthqnafcea found In Ma writlnga,9a7: 

Eroblematlcal extlnctioa and ainUag oi 
lount JRunn, S37, 94a 

Shoala, atmoapborio lodieatlooa of tboir 
▼iclnity, 300. 

Sidereal systrma, 80, 00. 

Slljrrstrom, bit obienratlona on the A«» 
rora, with Lottin and Bravali, on Uw 
coast of L^apland, 109. 

Slrowaukoi. •* Wood UUla" in New Sibe- 
ria, 981 

Snow-Une of the Ilimalayaa, 30-33, 331, 
332 ; of the Andea, 330 ; redaeaa of hmg- 
fnllen anew, 344. 

Solar system, general deeeription, 90-194 ; 
ito poaition In apnea, 80 ; Us tranalalory 
motion, 149-12UI 

Solinua on mud Tolcaaoea, 995. 

Staimering on the fosail ramaina of the 
large Tertebrata, 974. 

Somerrille, Mra., on the Tolume of flre> 
balls and shooting stars. 116; faintneaa 
of light of planetary nebuUa, 14). 

Southern oeleatial hemlaphere^ IM pidnr^ 
eaque beanty, 69^ 86. 

Spontonooiia generation. 349, 348. 

Springa, ImC ami eobl. 910-999 ; IntermH- 
tnnt, 910 1 eanaoa of tlieir trinporaivrCL 
990-!£»| Uirrmal, 999i 349 1 deopeal 
Artoalan wella the warmrat, obaervod 
by Arato, 993; aalao^ 994-896; lafltt- 
enoo of earthquake ahocka on hot 
springa, 910, 999-994. 

Stars, eeneral account oC 89-00; flmd^ 
89. 90. 104; double and multiple. 88^ 
147 ; nebnlona. 83^ 86, 191. 19S ; tbav 
tranalatory motion, 147-190; parallazee 
and distances, 147-140; eompntatioaa 
or flcMcl and llersehel on th«r dlanao* 
tor and volumti, 148 : Iramenao number 
In tho Milky Way. ISO. 191; atar dna|» 
89 : star canglngs, 190 ; atarlcaa apneas 
190, 193; tolcacopie atara, 199; veloelty 
of the propacatlon of Ught oC 193; 19i| 
apparition of new atara, 193. 

Storma, magnetie and volcnnie. 
Magnetlam, Volcanooa. 

Sirabo. obaerred the ceaaation of sboekf 
of earthquake on the eruption of lnv% 
919 : on the nmde In which lalmda ar« 
formed, 997 ; dea c riptlon of the Uill of 
Methooe. 940; Tolcanle theonr, 943; 
dirined tiM exialenee of a eontment hi 
the nor tl icrn hcmlaphere between TW> 
rla and Thine, 989 1 nitoUe«l the marled 
form of our small continent aa favorabin 
to the moral and Intellectnal 
naent of Ita people, 901, ML 

BiniMk Otho^ •« llw proper MoHea nf the 
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■oUr system, 146 ; investigations on the 
propafl^ation or U^ht. 15:i; parallaxes 
and (JistJinccs of hxud stars, 153; ub* 
scrvaiious un linlluy's coinut^ 1U3. 

Btuder. PrufeMor, on mioerMl luetamorpb* 
iiiin. Sec note by 'IViinsUitor, 248. 

Bun, magnitude of its volume compared 
with thnt of the Uxed stars, 136 ; obscu- 
ration of iu di«k, 132 ; rotation round 
the center ofgnivity of the whole solar 
syftvm, 143 ; velocity of iu trunslntory 
motion, 143 ; narrow limitntioiis of its 
atmosphere us compared with the nu- 
cleus of oilier uoliulous stars, 141; "sun 
8iunus"of IliuuiiuiuntJi. liii; vitiw«of tliu 
(iruek pliihwuphcrs on tlui sun, l;U. 

SyiMoiid, l.leiit, Ills ti'i^oiioniutrical sur- 
vey of tlu) Dead Ben, 'J%, UHn. 

Tacitus, dislinuubhod local climatic rela- 
tions from those of race, 35'j. 

Tem|>crnturu of the globe, see Earth and 
Ocean ; rcmarkui/lu uniformity over 
the sumo spaces of the surface of the 
occnn. 303 ; zones at which occur tlie 
maxima of the oceanic tem|jcrature, 
301 ; caustM which raise the tempera- 
ture, 31!) ; causes which lower the tern- 
peruture. 3iU, HQO; temiierature of va- 
rious pliicbu, nnnuni, and in the dirt'er- 
cnt seasons. 32:2. 3;£l-:t:2d; therm Ic scale 
of temperaturo. 3:24. 3t!3 ; of coo linen tul 
climutes as compared with insular and 
littoral climates, 321, 323; law of de- 
crease with incntaso of elevation, 327 ; 
depression of, by shoals, 309 ; refrigera- 
tion of the lower strata of the ocean, 30:1. 

Tenerilt'e, Peak of, its striking scenery, 26. 

Theodectos of Phaselis on the color of the 
Ethiopians, 353. 

Theon of Alexaydria described comets as 
" wandering light clouds," 100. 

Tbcopliylactus described Bcythia as free 
from earthquakes, U04. 

Thermal scales of cultivated plants, 3S4, 
333. 

Thermal springs, their temperature, eon- 
•tancy, and change, S21-234; animal 
and vegetable life In, 345. 

lliermumctcr, 3:i8. 

l*hibet. habitability of its elevated pla- 
teaux. 331, :):i3. 

Tiilcnemanu on the Aurora. 197, 200. 

Tliought, results of its free action, 53, M ; 
union with languace, 56. 

Tiberias, Sea of, its uopression lielow the 
level of the Mediterranean, 296. 

Tides of the ocean, their phenomena, 3CS, 
.106. 

Tillard, Capt, on the sudden appearance 
of the island of Sabrinn, 242. 

Toumefort. zones of vegetation on Mount 
Ararat, 347. 

Trallcs, bis notice of the negative electrio* 
ily of the air near high waterfalls, 336. 

Translator, notes by, S) ; on the increase 
of the eartli's internal heat with increase 
of depth, 45 ; sillclous infusoria und un- 
imalculites. 46 , chemical analysis of an 
afiroUio, C4 • on the recent diacoveriiM 



of planets, yd, 91 ; obaenred the eoaet 
of 1843, at Nevi Bedford, Mattai-hiisfftt, 
in bright sunshine, 101; on meteoric 
stones, HI ; on a M8., said to lie in the 
hbrary of Christ's College, Cambridge, 
124 ; on the term **salsea." 161 ; ou IJol- 
berg's satire. '• I'raveU in the World 
under Ground.** 171 ; on the Aurora Bo. 
realis of OcL 24, 1847, 194, l!)5. 199 : on 
the electricity of the atmosphere dur- 
big the Aurora, 200; on volcanic phe- 
nomena, 2UCI, 204 ; deitcriptiou of the 
seumometer, 203; on the great earth- 
quake of Li«bon, 210 ; impression mailu 
un tliu native* auti foreigners by earth- 
quakes In Peru, 215; eurthi|unkuN at 
Lima, 216, 217; ou the gaseous com* 
iHHinds of •ul|diur, 217, 2ld; on lliu 
Lake of l.aacli, iia t ralf.rs, 218 ; on tliu 
eniiM«i(ins of iullauinialilu gaa in the diu- 
triet of Plioseli*, 2i3 ; on true volcanoes 
as distinguished from salses, 224 ; on 
the volcano of Picliincha, 228 ; on the 
hornitos do JoruUu, aa seen by Hum- 
boldt, 230 ; general rule on the dimeu- 
sioua of craUTS. 2:10 ; on the ejection of 
lUh from the volcano of Imbaburu, 23^1; 
on the liule islo of Volcano, 2i4 ; vol- 
canic steam of Pautellaria, 2:15; ou Dau* 
beney'a work "Ou Voluanous," 23U ; ac- 
count of the inland of Santoruio, 241 ; 
of the ittlHud named Sabriua, 242 ; on 
the vicinity of extinct volcanoes to the 
sea, 244 ; meaning of the Chinese term 
**li," 245; on mineral metamorphiam, 
248 ; on fossil human remains found iu 
Guadaioupe, 230 ; on mineral* artitfcial- 
ly produced, 2b7, 2ti8; fossil organic 
structures, 27 1, 272 ; on CoproUu*s, 37 1 ; 

f'eoguostic distribution ol fossils, 276; 
ossTi fauna of the Sewalik Hills. 278 ; 
thickness of cotd measures, 281 ; un the 
amber pine forests of the Baltic, 2^, 
2d4; elevation of mountuin chains, 286, 
287 ; the <linornis of Owen, 287 ; depth 
of the atmospbere, 302 ; riihncss of or- 
ganic life in the ocean. 30!l; on lilo- 
mcnts of plants resembling the sperma- 
tozoa of animals, 341 ; on the Diatoma- 
ccu) found in the South Arctic Ocean, 
343; on the diitlribution of the Moras 
and faunas of the Brilioh Ules, 348, 349 ; 
on tlie origin and diti'usion of the Brlfc- 
Uh llora, 'Ss3, 354. 

Trunslntory motion of the solar system, 
143-150. 

Trogus, Pompeius, on tho supposed ne- 
cessity that volcanoes were dependent 
on their vicinity to the sea for their con- 
tinuance, 243, 244 ; views of the an- 
cients on spontaneous generation, 346. 

Tropical latitudes, their advantages for 
the contemplation of nature, 33 ; pow- 
erful impressions from their organic 
richness and fertilitv, 34 ; facilities they 
present for a knowledgti of tliu laws of 
uaturu, 35 ; transparency of the atmos- 
phere, 114 ; phosphuresceucu of the aoa, 
202. 

Tscbudl, Dr., axtract from hit '■Traveli 
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In Tern.** 8eo Tranalator's aotv, 815^ 
SI6, 217. 
Tttmer, noti) on Sir Immc Newton, 133. 

Uaircmlity of uilmated life. 343, 343. 

Vnlx on the comet of 1S18, 106. 

Varcnius, Bemhnrd, bis excellent general 
and comparative (Geography, (iii, 67 ; 
edited by Newton, m. 

VcgctNblo world, aa viewed with micro- 
aitipic |Niwer« of rinlun. 341; ita pro- 
doHilnam-o o%or nniinal IH'r, 34:1. 

Vvnr tat loll. Ita vNrl«'d dialriliiitlon on tlio 
cnrth'a aurfa'-c, lEKJI, lU; rlrhneaa and 
lurtlitijr in ibe tropica, :tWM ; tuiN*a of 
vrgt'lalion on thti docllritics uf uionnt 
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